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ABSTRACT

The final report covers the work performed for the contract entitled,

"Analytical and Experimental Determination of Localized Structure to be Used in

Laboratory Vibration Testing of Shell Structure-Mounted Components, SATURN V."

The contract was executed during the period of April 1965 to July 1967 inclusive.

Earlier work performed in the contract was reported in the yearly progress report

dated May 1966 (two volumes), and a progress report dated January 1967. Except

for an overall work summary and some revised data, the final report describes

essentially the additional work items performed since January 1967. Major subjects

in the final report include the revised finite difference program for localized shell

vibration, shell transient and acoustic responses considering mass attachments,

shock and blast overpressure. Also described are the theory and procedure in

designing shell scale models.



FOREWORD

The final report was prepared by Northrop Corporation, Norair Division,

Hawthorne, California, under contract no. NAS8-20025, "Analytical and Experimental

Determination of Localized Structure to be Used in Laboratory Vibration Testing of

Shell Structure-Mounted Components, SATURN V."

The subject contract is administered under the direction of the Vibration and

Acoustics Branch, Structures Division, Propulsion and Vehicle Engineering Labora-

tory, George C. Marshall Space Flight Center of the National Aeronautics and Space

Administration. Mr. J.H. Farrow and Mr. R.E. Jewell are the principal and alter-

nate technical representatives. Mr. C.E. Lifer served as the alternate technical

representative in the early phase of the contract. Mr. L.D. Saint is the program

monitor. The program manager at Northrop Norair is Dr. Chintsun Hwang, Member

of Technical Management, Structures and Dynamics Research Branch. Dr. W:S. Pi,

Dr. N.M. Bhatia and Mr. J.R. Yamane participated in the project. - Mr. P.E. FinwaU

is responsible for the experimental tasks of the program.
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SECTION I

INTRODUCTION

In laboratory vibration testing of shell structure-mounted components, an

important requirement is to simulate the localized dynamic characteristics of the

segment and the mounted components. The objective of the present contract is to

develop design and testing techniques for segmented shell segments from typical

SATURN V structures. In the process, to achieve proper design of the elastic sup-

ports, a preliminary study was executed on various types of spring supports attached

to a rectangular plate. Simultaneously, the overall dynamic responses of the struc-

ture were investigated. Based on the overall response data, a part of the shell struc-

ture was defined as the shell segment. Proper constraints and boundary conditions

were specified to achieve the similarity in dynamic responses as compared to the

complete shell structure. In the second year of the program period, additional work

items were included concerning the transient and acoustic responses of shell structures

as well as shock load and blast overpressure.

During the contract period, a yearly progress report dated May 1966 and an

intermediate report dated January 1967 were issued covering the work accomplished

up to the reporting time (References 1, 2). The final report covers essentially the

work performed during the balance of the contract period. For the sake of complete-

ness, this report also presents a general review of all the work items carried out in

the contract.

In analyzing the vibration behavior of a flexibly-supported rectangular plate, a

finite difference method was used. The method transformed the fourth order partial

differential equation of a plate in rectangular coordinates into a finite difference

equation in terms of the normal displacement at selected grid points. Additional grid

points were used beyond the plate boundary. Proper boundary conditions were used

representing either a free edge or an edge with local flexible supports. Considering

the dynamic inertia effect of the plate mass, the problem was reduced to an eigenvalue

matrix formulation. The numerical solution of the final matrix equation yielded the

the modal and frequency data of the rectangular plate. As compared to the



experimental data, the solution by the finite difference method was found to be very

reliable. Using this approach, the dynamic effects of various types of flexible

supports were evaluated.

To investigate the overall shell dynamic behavior prior to segmentation, four

scale models were fabricated based on various parts of SATURN V structures. Dupli-

cate models were made for segmentation purposes. The scale models which were

manufactured and tested are listed below and shown in Figures 1-4. The detail tech-

nique in scale model design is described in Section V of this final report.

S-4B Instrument unit, 1:6.67 scale (Figure 1)

S-2 Thrust cone including simulated rocket engines,

1:10 scale (Figure 2)

S-2 Forward skirt including Lox tank upper bulkhead,

1:10 scale (Figure 3)

S-1C Lox tank upper bulkhead including partial cylindrical

shell structure, 1:10 scale. (Figure 4)

Analytical and experimental programs were conducted to determine the vibration

and dynamic response behavior of the shell structures. In the analytical phase, par-

tial differential equations were established along the shell meridian. The dependent

variables include three displacement components, the angle of rotation and the four

shell internal stress components in the same directions as the four displacement

variables. The stress variables are the transverse shear Q, the membrane stresses

N t N and the merdian bending moment M . For each circumferential harmonic

number, the equations were solved numerically to yield proper modal and frequency

data. The dynamic effects of the stringers and the ring stiffeners were handled dif-

ferently. For the stringers which were located along the shell meridians, their stiff-

ness was averaged and merged with the shell to form a mean stiffness. For the ring

stiffeners, the dynamic impedances were formulated individually. The impedances

were represented in terms of the increments of the shell internal stresses as functions

of the local displacements. These increments were introduced into the differential

equations at the ring stiffener locations during numerical integration. The computer

program to execute the integration and typical modal and frequency data for shell

structure models were presented in Reference 1.
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In the parallel experimental program, the shell models were excited sinusoidally.
For overall impedance investigation, a frequency sweepwas performed to record the

impedance at specific locations as a function of the frequency. In the modal survey

corresponding to an observed natural frequency, proximity probes were usedto record

the shell responses at various locations. A block diagram showingthe test instrumen-

tation is given in Figure 5. Test data obtained in the first year performance period

may be found in Reference 1.

Tests were also performed on a segmented instrument unit shell structure model

with and without simulated component attachments. The response data of the segmen-

ted shell were evaluated against the corresponding data of the complete shell structure.

During the design and test process, a procedure was developed which may serve as a

guide to testing engineers. After the segmentation technique was proven on the scale

model shell structure, the full scale SATURN V instrument unit was segmented and

tested. The impedance data for the scale model and full scale segmented shell

structures were compared using proper scaling relations. The design procedure, as

well as the analytical and experimental data of segmented shells were presented in

Reference 2.

The analytical prediction of the vibration of a flexibly supported shell segment

was based on a finite difference technique. The technique was a generalization of the

method applied to the rectangular plate which was described previously in the section.

It involved the formulation of the equilibrium and compatibility conditions of a cross-

stiffened shell element. Attached masses and the corresponding mass moment of

inertia effects were included in the equilibrium equation s . Grid points were assumed

which covered the shell segment and the neighboring areas. The relating matrix

technique and the numerical data were illustrated in Reference 2. Since the completion

of the intermediate report, certain modifications and improvements were made on the

finite difference computer program which is presented in Section II of the final report.

Additional work items performed in the extended period of the contract included

the dynamic and acoustic response investigation of the shell scale models which are

described in the final report. Specifically, Section HI deals with the transient and

impulsive responses of the stiffened shells. Section IV describes the analytical and

experimental investigation on the acoustic loading and blast overpressure on a shell

structure model. Section V concludes the report with the comprehensive shell scale

model design procedure which may be used for future design purposes. The input

formats and the detail listings of all computer programs are given in the appendices.
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SECTION II

THE REVISED FINITE DIFFERENCE COMPUTER PROGRAM

GENERAL

The program gives the analytical predictions of natural vibration modes and

frequencies of a solid or sandwich curved panel with arbitrary bounda_7 and sup-

porting conditions. It is written in FORTRAN IV language, for the use of IBM 7090 or

7094 data processing systems. The user is required to prepare a complete coefficient

matrix, derived from the finite difference expressions of equilibrium, compatibility,

and boundary equations. For the detail analysis, the reader is referred to Reference 2.

In the program, proper arrangemer_ of the matrix rows is required as shown in the

input data format. The program is set up for (172 x 172) coefficient matrix, although

its function i_ mechanized to accommodate any matrix of reasonable size. In the

latter case, due consideration should be given to the capacity of the in-core storage

space. Furthermore, DIMENSION and EQUIVALENCE statements should be made

compatible to the size of the matrix chosen.

The program adapts an overlay structure. The contents in each link are as

follows:

a. MAIN

It "CALLS" all subsequent links.

b. $ ORIGIN BETA

It contains two subroutines - matrix multiplication, and matrix inversion,

which are linked directly to the main program.

c. $ ORIGIN ALPHA - CHN 1 (CHN 1 indicates the first chain. )

It evaluates all elements needed for the coefficient matrix, and puts

them into a table form called "E Table". Mass matrices are also formed

in this link. This subroutine is linked to ORIGIN BETA.



d. $ ORIGIN ALPHA - CHN 2

Formation of AA3 matrix (compatibility equations) is carried out by trans-

fering the proper elements in the E table to the proper locations in the

AA3 matrix. Some matrix algebra are also performed here. This sub-

routine is linked to ORIGIN BETA, and overlaid on CHN 1.

e. $ ORIGIN ALPHA - CHN 3

Formation of AA1 matrix (equilibrium equations) is carried out in this chain.

Some matrix algebra are performed. The subroutine is linked to ORIGIN

BETA, and overlaid on CHN 2.

f. $ ORIGIN ALPHA - CHN 4

Formation of AA2 matrix (boundary conditions) is accomplished. With

further matrix manipulation, reduction of the coefficient matrix results in

an eigenmatrix. This subroutine is linked directly to ORIGIN BETA, and

overlaid on CHN 3.

g. $ ORIGIN BETA - CHN 5

Subroutine "MITER", which computes the eigenvalues and eigenvectors, is

included in this link. Calling "MITER" is the sole purpose of this link.

It is linked directly to the main program, and overlaid on all the afore-

mentioned links except the main program and the COMMON statements.

Users should note that there are three working peripheral tapes specifically assigned

to the program in addition to the variable tape numbers connected with the "MITER"

subroutine.

INPUT DATA

Figure 6 shows the full scale instrument unit test panel set-up. Prior to the

test, a (1:6.67) scale model of the panel was tested. The finite difference computer

program was used to obtain the modal data of the scale model. Corresponding to a

quarter of the shell panel, the program is set up for the grid pattern shown in Figure 7.

Following is a list of the coding symbols used in the program:

10
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1. Solid Shell

Symbols used

in Analysis

a

b

_o

V

E

P

h

n

m

Zsx t z s_

Asx , A
s_

Isx' Is cp

K
X

K

W
X

Fortran

coding

A

B

PHIO

PNU

E

RHO

H

N

M

NMODE

IOPT

SZX, SZP

SAX, SAP

SIX, SIP

BARKX

BARKP

WX

Definitions

Radius of curvature (in)

Length of a panel in x-direction (in)

Circumferential angle in g)-direction (rad)

Poisson's ratio

Young's modulus of elasticity (lb/in 2)

Mass density per unit volume (lb-sec2/in 4)

Shell thickness (in)

Number of grid points in _-direction, (=12)

Number of grid points in x-direction, (=5)

Number of modes sought

= 1 for solid shell

Distances from c.g. of the stiffeners to the

middle surface of the panel in x-direction

and cp-direction, (in.) numbers of values to
be read in are controlled by an index,
NEXT; their locations in the array by J1,
J2 and K2.

Cross sectional area of stiffener * in

x-direction and _p-dlrection (in2). Control-
ling indices are J1, J2, K2 and NEXT.

Moment of inertial of stiffener, * in

x-direction and q)-direction resp@ctively,
about its own centroidal axis (in_). Control-

ling indices are J1, J2, K2 and NEXT.

Spring constant of a point-support along the
axis x = O, (Ibs/in)

Controlling indices are Ii, 12, and NXTI.

Same as above along the axis _ = 0, (lbs/in)
Controlling indices are I3, I4, and NXT2.

Weights along the boundary x = 0, (lbs)
Controlling indices are I5, I6, and NXT3.

13



Symbols used

in Analysis

W

Fortran

•Coding

W-P

WT

IMI, IM2

M3

AM3

IETBL, NEC

NXRO

NAC

NR, NC, NCI
NC2, NC3

Definitions

Weights along the boundary q) = 0, (lbs)
Controlling indices are I5, I6, and NXT4.

Weights at interior points of the panel (lbs)
Controlling index is JWT

Row and column number, respectively, of
off-diagonal term of mass (internal) matrix.

Number of off-diagonal mass term

Actual element that corresponds to Iml and
IM2 in the (internal) mass matrix. Number

of this off-<liagonal terms is limited to six.

Row number and column number, respec-
tively of the matrix element (E) table.
The E table is generated according to the
definition of Table 2, Reference 2, for all

grid points. A particular element of the
table is to be transferred to a particular
location in the coefficient matrix A.

Number of non-zero elements in a row of
coefficient matrix.

Column number of the non-zero element in
the coefficient matrix.

Defined in the diagram shown in INPUT
FORMAT. For any other size of

coefficient matrix, they are computed as
follow

'*NOTE : For a stiffener which is placed along one boundary of the panel, double the

values of the corresponding cross-sectional area and the moment of inertia
as input.

14



Referring to the diagram shown in the INPUT FORMAT,

For submatrlx AA1,

NR _rl_N

NC=2MN+3M+3N+ 1
NC1 = MN

NC2 = 2M+2N÷ 1
NC3=MN+M+N

For submatrix AA2,

17R = 2M + 2N + 1

NC=MN+ 2M+2N+ 1
NC1 =MN

NC2= 2M+2N+ 1

For submatrix AA3,

17R =MN+ M+ N
NC =2MN+3M+3N+I
NCI= MN
NC2 = 2M+ 2N+ 1
NC3=MN+M÷N

o Sandwiched Shell

The definiticms made for the solid shell apply to the sandwiched shell with the

following exceptions and additional definitions.

Symbols used Fortran

in Analysis Coding

h H

c CORE

m BARM

IOPT

Definition

Total thickness of outer and inner facings.

Thickness of core.

Mass per unit area of the panel.

= 2. For sandwiched panel.

The keypunch format for the input data and the program listings are attached

to the report as APPENDIX A. Typical modal data obtained through the finite difference

computes program for the segmented instrument unit panel is shown in Figure 8.

15
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FORMULATION OF THE FINITE DIFFERENCE COMPUTER PROGRAM

In order that the user may adapt the finite difference computer program to his

specific need, the present subsection describes the detail formulation and organization

of the program. With this information, it is expected that the user will be able to

organize a coefficient matrix for a shell panel structure with arbitrary boundary and

support conditions. Applying the coefficient matrix as input data, the finite difference

computer program may be used to generate the desired modal information.

Basic Grid Pattern Setup

The following procedures may be used to generate the basic grid pattern for a

cross-stiffened cylindrical panel with arbitrary dimensions and boundary conditions.

. Develop the curved panel into a plane surface, draw the boundary lines and

mark down the location of the edge point supports, concentrated weight

attachments, and center line of the stiffeners.

2. Mark all axes of symmetry, if any.

3. Set the coordinate axes which coincide with two boundary lines as shown in

the following figure.

x q_=0

q
= _I'

q)

. Cover the panel proper with two sets of equidistant grid lines X = constant

and 99 = constant. The grid pitch is Ax in the x direction and aA_ in the

_P direction, where a is the radius of the cylindrical panel.

Use the following guide lines:

a. Each boundary line, axis of symmetry or the center line of a stiffener

coincides with one of the grid lines.

b. Each point support or concentrated weight attachment coincides with a

grid point (the intersection of two grid lines) if possible. Otherwise

locate the said point close to a grid point.

17



c. Make the grid pitches Ax and aA(p equal or close to being equal.

d. For a panel with one axis of symmetry, only half of the panel need be

considered. For a panel with two axes of symmetry only one quarter

of the panel need be considered in order to obtain symmetrical mode

shapes.

5. Assign numbers to each grid point on the part of the panel including points on

the boundary lines and the axes of symmetry (see Figure 7). The station

numbers start from 1 to (nxm), where n is the total number of grid lines in

_p-direction while m is the total number of grid lines in x direction. In

Figure 7, it may be seen that n = 12 and m = 5 for the grid pattern under

consideration.

6. Set up the necessary exterior stations according to the following rules:

a. Extend two grid pitches from the points on the panel edges.

b. Extend one grid pitch in each direction from the corner points of the

part of the panel concerned.

c. Extend two grid pitches from the points on the axes of symmetry.

7. Assign numbers to exterior stations starting from (nxm) + 1 according to

the following order.

a. Points one pitch away from the edges in the x-direction (station 61 - 72

in Figure 7).

b. Points one pitch away from the edges in the q_-direction station 73 - 77

in Figure 7).

e. Points two pitches away from the edges in the x-direction (station 78 - 89

in Figure 7).

d. Points one pitch in each direction away from the corner points which

are the intersections of two edges (station 90 in Figure 7).

e. Points two pitches away from the edges in the (p -direction (station 91 - 95

in Figure 7).

8. Identify the station numbers of the points beyond the axes of symmetry to be

the same as those of their image points with respect to the axes of

symmetry. (station 10 - 11, 22 -23, 25 - 48, 58 - 59, 71, 76 in Figure 7.)

18



o Write down proper boundary conditions at each point on the edges. Detailed

description of the boundary conditions is showr_ on Page 25 through Page 26

of Reference 2.

Formulation of the Coefficient Matrix

After the grid pattern has been completed, the procedures shown on Page 39

through Page 40 of Reference 2 may be used to generate the coefficient matrix [ A ].

The simplified finite difference operators are given below. The definitions of the

index numbers are given in the Index Table on Page 41, Reference 2.

1. Equilibrium Equation Operator. Apply to all stations on the part of the

panel including the boundary points (sta_ 1 - 60 in Figure 7).

0 0 E6 0 0

0 E5 E4 E5 0

E3 E2 E8 E2 E3

(wi)

0 E5 E4 E5 0

0 0 E6 0 0

E9 E7 E9 I

(A1)

In the above table, the symbols E2 through E9 indicate the coefficients of the

finite difference equation. They are identified on P. 31, 32, Reference 2. The symbols

used in the above and following tables may also be identified with the corresponding

items in Table 2, Reference 2.

19



2, Boundary Condition Operator for VX •

The following operator is applied to points along the edge X = 0.

Figure 7).

(Sta. 1 - 12 in

0 E67 0 Ell 0

E66 E36 El0 E12 E1

(wi)

0 E67 0 Ell 0

(A2)

This operator may be applied to the points along the edge X =X 1" In the latter case,

a negative spring constant is to be entered as input for each spring support.

3. Boundary Condition Operator for MX_.

The condition is applicable to the corner points which are the intersections of

two edges. Enter positive spring constants for the corners X = 0, _ = 0 and X = X1,

=qa 1. Enter negative spring constants for the corners X = 0, _ =_a I and X =X 1,

= 0. (Sta. 1 in Figure 7).

E66 0 E1

0 E68 0

(wi)

E1 0 E66

(A3)

4. Boundary Condition Operator for MX_.

The condition is applicable to points along the boundary lines × = 0 and × -- ×1"

(Sta. 1 through 12 in Figure 7).

0 El4 0

E1 E15 E1

(wi)

0 E14 0

(A4)

2O



5. Boundary Condition Operator for V_.

The condition is applicable to points along the edges _0 = 0, (positive spring

constant input) and _=%01 (negative spring constant input). (Sta. 1, 13, 25, 37, 49

in Figure 7).

0 E1 0

El7 El8 El7

0 E16 0

E37 E69 E37

0 E66 0

(A5)

6. Boundary Condition Operator for M 9

The condition is applicable to points along the edges_ = 0 and _= _01.

13, 25, 37, 49 in Figure 7).

(Sta. I,

0 E1 0

El9 E20 El9

(w i)

0 E1 0

(A6)

21



7. Compatibility Condition Operator.

Apply only to the interior points.

Figure 7).

(Sta. _ 14-24, 26-36, 38-48, 50-60 in

E22 E21 E22(wi)

0 0 E28 0 0

0 E27 E26 E27 0

E25 E24 E23 E24 E25

(¢i)

0 E27 E26 E27 0

0 0 E28 0 0

(A7)

8. Boundary Condition Operator for S X •

Apply to all points along the edges X = 0 and X = X 1 except the comer points.

The following tables are used for points not on the axis of symmetry. (Sta. 2 through

11 in Figure 7).

E64 0 E30

0 0 0

%)

E30 0 E64

E66 0 E1

0 0 0

E1 0 E66

(A8a)

Apply the following to points on the axis of symmetry (Sta. 12 in Figure 7).

E64 0 E30

E30 0 E64

(wi)

E66 0 E1

E1 0 E66
(A8b)

22



9. Boundary Condition Operator for Nq_,

Apply to points along the edges _ = 0 and ¢ = q_1

support. (Sta. 1, 25, 37 in Figure 7).

where there is no spring

E1 E29 E1 (A9)

10. Boundary Condition Operator for Displacement v.

The condition specifies that no tangential displacement is admissible at the spring

supports. Apply to points along the edges _0= 0 with spring supports. (Sta. 13 and 49 in.

Figure 7). This condition can be usecl only if an axis of symmetry exists as shown

be low:

E35

E35

E35

E31-

0

Edge of, E1

E38

E38

E38

_ E1

_kAxis of symmetry,

I

E33 0

E29 E1

E34 E38

E32
,,
|

,,
I

!

I
i

,,

E32

E29

E38

E38

El-

(A:0)
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11. ,.Boundary Condition Operator for N ×

Apply to points along the edges X = 0 and × = X 1

(Sta. I through 12 in Figure 7).

without spring support.

E1

E29

(¢r)

E1

(Al1)

12. Boundary Conditions Operator for u.

Apply to points along the edge X = 0 with spring supports.

used only if there is an axis of symmetry in the _ direction.

E1
I
I

E29

I
E1

!

I'  '-Axis

E63 ........... E63 E63 E1

E32 ........... E32 E73

E63 ....... '...... -E63 E63

of symmetry × = 2

E29

E1
!
I
I

X1 Edge X = 0

This condition can be

0

E72 (A12)

0

where E72 and E73 are two new index numbers which are not given in Table 2,

Reference 2. They are defined as:

_LK
E72 = -Vk 2 Kq_

___K
E73 = -4 + yk 2 Kq)

This condition is not used in the computer program shown in Appendix A since no

support exists at X = 0.
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13. Boundary Condition Operator for N X.

Apply to points along the edges _0 = 0 and _o = 01 except the comer points. The

following table is used for point not on an axis of symmetry. (Sta. 13, 25, 37 in Figure

7).

E66 0 E1

0 0 0

(¢i)

E1 E66

(A 13a}

The following table is used for point on the axis of symmetry. (Sta. 49 in Figure 7. )

E66 E1

0

(¢i)

0

E1 E66

(A13b)

14. Stress Function Operator for ¢.

Apply to one selected point on the panel. (Sta. 60 in Figure 7.)

1

(¢i)

(A14)

The following diagram shows the details of organizing the coefficient matrix. The

diagram may be compared with a similar diagram shown on page 40, Reference 2.
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"w I w 2......

Wb
mn 2(m + n) + i

Equilibrium Equation Operators

¢i@2

I
I

Boundary Condition Operators for VX (A2)

Boundary Condition Operators for MX( p (A3)

Boundary Condition Operators for MX (A4)

Boundary Condition Operators for Vcp (A5)

Boundary Condition Operators for Mq) (A6)

Compatibility Condition Operators

I

(A1)

mn + m+n

(A7)

Boundary Condition Operators--------for SZ

Boundary Condition Operators for N(p or v

0

(AS)

(A9) or (A10)

Boundary Condition Operators for NX or u
(All) or (A12)

Boundary Condition Operators for N(px(A13)
i

Stress Function Operator for _c (A14) /
___J
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Preparation of Coefficient Matrix Input Data

The coefficient matrix is read in as three submatrices, named "AAI", "AA2", and

"AA3", which are shown below. In the computer program, the submatrices are gener-

ated in the order: AA3, AA1, AA2, to facilitate data reduction:

AAI ;
i

Equilibrium Equation Operators
| .

AA2 :_

Boundary Condition Operators ,, 0

for V X, MX_, M X, Vq_, and

AA3 ;

Compatibility Operators, Boundary Condition Operators

for S×, N_, v, N×, u, N ×, and Operator for Oc,
I

!

(mn)
x (2mn*3m+3n+l)

(2m +2n +1)
x (mn_2m+2n+l)

(mn+m+n)

x (2mn+3m+3n+1)

Corresponding to the grid pattern shown in Figure 7, where m= 5, n = 12, the sizes of

the three submatrices are (60 x 172), (35 x 95), and (77 x 172), respectively. In order

to explain the coefficient matrix input in detail, two examples showing the generation

of a row of the submatrix are illustrated below.

Example 1. The first row of AA3 matrix represents the compatibility condition (A7)

at point 14. The finite difference operators and the related grid point stations are

shown below:

Grid Pattern in the neighborhood of point (14):

@
74

25 •13 "I

• • • •
38 26 14 2 62

2_ • •15 3

The corresponding coefficient of w i

16

and _i are:
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E22 E21 E22
• • •

w26 w14 w2

E28

E27 E26 E27
¢•13 +_

E25 E24 E23 E24 E25

,:,-+ ¢;-

E27 E26 E27

E28

From the above diagrams, the 96th row of the coefficient matrix, i.e., the first row

of AA3 matrix, may be generated in the following manner. There is a total of 16

non-zero elements in this row.

Column No. 2 14 26 96 97 98 108 109 110 111 120 121 122 133 157 169

Index No. E22 E21 E22 E27 E24 E27 E26 E23 E26 E28 E27 E24 E27 E25 E25 E28

Note that Column Number of w = r, i.e., the grid number is the matrix column
r

number.

Column Number of_b r = r + (mn+ 2m + 2n+l) = r + 95, i.e., the grid

number plus 95 is the matrix column number.

The input data card which is identified as (AA30001A) in Appendix A is read as:

016 (002022) (014021) (026022) (096027) (097024) (098027) (108026) (109023) ....

where the parentheses are added for convenience in reading. In the card, the first

number (016) indicates the totalnumber of non-zero elements appearing in this row.

The second number (002) is the column number of the firstnon-zero element, while

the third number (022) is the corresponding index number. The fourth and fifthnumbers

are the column number and index number of the second non-zero element of the row,
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and so on. The station number (14) of the center point to which the finite difference

operator is applied is entered as the first number of the input data card AA300000,

which reflects the row number of the matrix element on the (E) table generated.

Example 2. When the finite difference operator is applied to a point one or two pitches

away from the axis of symmetry, some new index numbers will be assigned. Consider

the compatibility condition ( A7 ) applied to grid point 48 as an example:

Grid Pattern in the neighborhood of point (48):

46

Axis of Symmetry-_

59 47 35

I
0_0_0
48 60 48

I
47 35

• _ • _ Axis of Symmetry
36 24

The corresponding coefficients for w i and _i are

E22 E21 E22
• • •

w60 w48 w36

E28

¢46

E27 E26 E27

• ¢o47 •_35

E25 E24 E23 E24
• • •

48 ¢60 ¢48 ¢36

E27 E26 E27
• • •

¢59 047 035

E28

¢46

E25
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Corresponding to the above operators, the 33rd row of the AA3 matrix is:

Col. No. _36 48 60 119 130 131 141 142 143 154 155

I
Index No. E22 E21 E22 E25 (E27+E27) E24 (E28+E28) (E26+E26 (E23+E25)(E27+E27) E24

The total number of non-zero elements in this row is 11. Referring to Table 2, Refer-

ence 2, the following symbols are defined:

E61 = 2 x E27

E62 = 2 x E28

E60 = 2 x E26

E52 = E23+E25

The corresponding input for the 33rd row of AA3 matrix card (AA30033) is

011 (036022)(048021) (060022) (119025) (130061) (131024)(141062)(142060) (143052)(154061)
(155024).

The 33rd number in input data cards AA30000 is 48. The latter number identifies the

proper location of the (E) table from which the computed elements are selected.

Additional Information

The computer program described in Appendix A deals with a curved panel with

double axes of symmetry supported at discrete points along the edges. The correspond-

ing grid pattern is fixed as shown in Figure 7. The following suggestions are listed

in order to modify the program for application to other structures:

1. Change dimension and equivalence statements to fit the requirements.

Evidently, all dimensions dependent on the grid sizes m, n, are to be

modified.

2. For a panel with either one or none axis of symmetry, modify the statements

used to compute the grid pitches A × and adq_.

3. The boundary conditions u= 0 or v = 0 can be applied only if there is an axis

of symmetry in @ or × direction, respectively. If the condition u = 0 is used,

two new index numbers, E72 and E73, should be defined in the program.

4. The sign of the spring constant input of a point support is dependent on the

specific edge where the support is located. The sign may be determined

using the following diagram.
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X
KI(-) K_o(+) KI(+)

KX(-)

/

/

KI(÷)

K X(+)
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SECTION HI

THE RESPONSE OF STIFFENED SHELL STRUCTURES TO
TRANSIENT AND IMPULSIVE LOADINGS

The objective of this analysis is to develop a technique for handling stiffened shell

structure response problems involving transient and impulsive loads. For this purpose,

the normal-mode method of analysis is developed. The response solutions for the

displacements and stresses are expressed in terms of a series of normal modes of free

vibration for the built-up shell structure. With the use of energy expressions and

Lagrange's equations, a set gf uncoupled equations for the generalized coordinates is

obtained. The solutions to these equations are in terms of time and space integrals.

A method is also developed to determine the normal modes and natural frequencies

for a mass attached structure using natural frequency and modal data of the same struc-

ture without mass attachments. Transient response solution is obtained for the complete

structure with mass attachments. The advantage of this procedure is that an uncoupled

set of dynamic equations is obtained for the solution of the transient response problem

involving the mass attached structure.

Detail programming information related to this section is presented in Appendix

B of this report.

TRANSIENT RESPONSE SOLUTION

In this subsection, analytical solution for the transient response of built-up shell

structures is developed. Details of the computer progra:m " are described. The computer

program has been checked-out considering the response of the instrument unit shell

model. In order to determine the convergence properties of this method, a test case

of simply supported cylindrical shell is also illustrated.

A. Theory

The Lagrange's equations in generalized coordinates, for a system with external

and/or non-conservative forces, may be written in the following form:

d
5(T-V}-Q i, i=l,2,...n (1)

(_i/ _ qi -
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where

T --

V=

qi (t) =

Qi =

Total kinetic energy of the built-up structure

Total potential energy of the structure

i th generalized coordinate for the ith normal mode
.th
1 generalized component of the external and non-conservative forces

For the present problem, the non-conservative force is assumed to be a viscous

damping force. Therefore,

(2)

where

P =

X =

p =

h =

SI' S2 =

External pressure acting on the system

Viscous damping coefficient/unit mass

Material density

Thickness

Orthogonal coordinates covering the reference surface of the structure

as

The displacement vector U_(s 1, s 2, t) is expressed in terms of the normal modes

CD

U (s 1, s2, t) = i=_l qi(t)U--*i (Sl,S2) (3)

Substituting the expression for U from Equation (3) into Equation (2) yields

00

Qi -- Sfs [_-(Xph)j_l qjUji'_idslds2

In view of the orthogonality of normal mode displacements,

ffsph _j'-Ui) ds 1 ds2=0, ifi J j

ffsOh(U-_i.-Ui) dSl (Is 2 = N i _ 0, ff i=j (4)
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the generalized force may be expressed in the following manner:

Qi = //s (_" u-'i)dsl ds2 - _ Ni qi (5)

Equation (1) is rewritten with the viscous damping term as follows:

d /.ST_ _(T- V) + /N i_li = p. (6a)
-dt- _i / - 8qi i

where

Pi = (P.Ui) ds 1 ds 2 (6b)

In general, since T and V are functions of U and U, the kinetic and potential

energy terms are quadratic functions of the generalized coordinates }1i and qi' respec-

tively. Detail development of these terms for a shell of revolution with ring stiffeners

is given later in the section. At the present, only the general forms of the expressions

are considered. Terms of Equation (6a) axe expressed by:

CO

d _T_ _ m.
dt _1 i j=l lj _ (7a)

and

In general, the generalized mass and spring terms are of the following form:

mij = f/s I }ij dSl ds2 (Sa)

kij = /J_s { }ij dSldS2 (8b)

The m i j terms are derived in Subsection 1. B for a specific case. It is observed

that, since m.. and k.. are derived from the free vibration modes of a built-up struc-
1j 1j

ture, they satisfy the following conditions:

m.. = k.. = 0, fori_j
i] i]
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and

mii _ 0, kii _ 0

With the use of Equations (7a, b), the Lagrange Equation (6a) for the case of

undamped free vibrations becomes:

mii qi + kii qi = 0

The solution to the above homogeneous equation is qi =

2
kii = wi m..11

e iu_i t. Hence,

(9)

For the forced vibration case considering damping, Equation (6a) becomes:

2
mii _li + _i miiqi + )'Nicli = Pi(t)' i=1,2 .... (10a}

This uncoupled set of equations may be written as

No

2 1 p.
Cli + k m.. qi + u_i qi - m.. 1

11 11

(lOb)

The solution to Equation (10b) is given by

qi(t) = exp __iii {A icos_i t+B isin_,i t)

Pi(r) exp - (t-r)
mii _'i

sinai (t-r) dv

(11a)

where

2 ANt ] (llb)

and A. and B. are determined from initial displacement and velocity of the structure.
1 1
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The displacement solution to the transient response problem is obtained by

summation of the series in Equation (3) with the generalized coordinate expressions

provided by Equation (11). The procedure for computing the generalized coordinate

expressions qi (t) is as follows: For a given external pressure P" acting on the system,

the generalized pressure terms Pi (t) are computed using Equation (6b). The values

of N i and m i i are obtained for a particular problem using Equations (4) and (8a), respec-

tively. The expressions for A i and B i are obtained from the initial displacement and

velocity of the structures. For the case when initial displacement and velocity of the

structure are zero, A i = 0, B i = 0. The expression for qi (t) is then obtained by

integrating either analytically or numerically, the second term on the right-hand side

of Equation (lla).

B. Energy Expressions

In this subsection, kinetic energy expressions are given for a shell of revolution,

as well as for ring stiffeners and mass attachments. These expressions are used to

derive the generalized mass expression m.. for the complete built-up structure. The
1j

kinetic energy expression for a shell of revolution is:

Ts = _ _ _ ph(U'L D rdeds (12)

where _ is the velocity vector at any point of the shell. Substituting from Equation (3)

the normal mode expansion terms into Equation (12) yields:

1 _0L_2u t _ _i) ( _ _j) rdgdsT s = _ oh % . Clj=1 j=l

p h (ffi)" (] =_1%_j) rdSds

cO

£
j=l '//qj ph(U i. )rdeds

d (bTs._ _ %SiP h (uiu j vivj wiwj) rdOds=, + + (13)

where u, v, and w are the displacement components for the displacement vector U_.
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The kinetic energy expression for all the ring stiffeners is:

= I _ [({_+_en)2 + (_v-_ e_) 2 _2]

+ PRaR 2 ! dO
2 (I_ + In)]_ S=SR

(14)

where

A =

a_=
_=

e n =

e_=

In _-

s =

Subscript identifying rings

Ring cross-sectional area

Radius of ring Number R

Rotation of shell at point of attachment of ring

Eccentricity of ring centroid along the normal to the shell surface

Meridional distance from ring centroid to shell point of attachment

Area moment of inertial of ring cross-section about the axis parallel

to meridian tangent of the shell

Area moment of inertia of ring cross-section about the axis normal to

surface of the shell

Meridian location of ring stiffener

Substituting the normal mode expansion terms into Equation (14), there is

obtained:

+ j=_l vj
2 • (I_ + I =1 _jqj S-SR

dO

which further yields:

+ Zi%) (uj+ _j e n) + (wi - _i e_)

• + + + dO](Wj-_je_) (vivj) ] PRaR (I_ In) _t_Jls=s R
(15)
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Lis:

The kinetic energy expression for all the mass attachments identified by subscript

T M = _ 1- M L (U.U)L 2
e =e L

S= SL

(16)

Therefore,

j=l 8=8L

s=s L

(17)

The individual terms from Equations (13), (15) and (17) are added together to obtain:

d [5(Ts + TR +TM)] _ i_lj
d"_- _1 i = j=l mij

(iSa)

where

mij = f0_ _2ph(uiuj+vivj + w iwj) rdOds

23r

+ ZR/0 I_ARaR [(ui+Bj en) (uj + _Sjen)

+ (wi-_i °_)(wj-_j e_) + (vi 5)]

+ + dO

+ {M,.(_uj+ v,vj + w_wj)
O = OL

s=s L

(18b)
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If the normal modes are considered for a shell with ring stiffeners and mass

attachments, these normal mode terms will yield the condition that

m.. = 0 fori_j
1j

m.._0
ll

And Equations (18a, b) become:

and

(19a)

= ]-/-_h(ui2 +_Oj ,_ v.2 +w 2mii 1 1 ) rd0 ds

0

2 ]d0+ O Ra R (I_ + In) Bi

s=s R

+

8=¢_ L

S=S L

(19b)

For the case of rotationally symmetric built-up shell structures, displacement

vector U(Sl,S2,t ) of Equation (3) above can be expressed in terms of the three displace-

ment components u, v, w and Equation (3) written as:

. lv;in IU(s, 0, t)=- = _ qi(t) v i(s) sinnio (20)
i = 1 | w i (s) cos n i R

where n i = circumferential wave number for the ith made. In Equation (20), summation

of N normal modes is considered, i = 1, 2... N identify the natural frequencies of the

structure in an ascending order. Substituting the i th terms of u, v, w from Equation (20)

into Equation (19b) and integrating with respect to e the following expression is reached:

mii = .S'roh(ui2 + vi2 + w_)(IS
0
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+ v 2(w + , !

2}+_Ra_(I_+,n)_i s--sR L

+ vi2 sin2 niSLl (21)
S=S

L

In Equation (21), the values of ui(s), v i (s), w i (s) must be known as a functional relation

or in the form of numerical values. Correspondingly, the first term of Equation (21)

may be integrated analytically or numerically. The computer program which performs

the numerical integration will be described later in the section.

C. Transient Point Force Acting on Stiffened Shell Structure

The theory described in subsection (A) is applied to the transient response of a

built-up shell structure acted upon by an arbitrary transient point force. The force is

applied radially at location (s o , 8a) on the stiffened shell structure. To evaluate the

generalized force Pi from Equation (6b), the radial component Pr of the load P is

taken as nonzero:

Pi = Pr wi(s' O) rd8 ds

= Fr(t) wi(s o, 0o) (22)

where F r is the total applied force given by Equation (22).

The expression for the generalized coordinate qi(t) is obtained by substituting Pi

from Equation (22) into Equation (lla).

-_ (A i cos Yi t + B i sin _/i t)

miiT--_1 Fr(t) exp 2"_ii (t- r) sin _,i(t- r)dr (23)
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The integration of the second term of Equation (23) is performed numerically.

The numerical integration subroutine will be described in Appendix B.

If the initial displacement and velocity of the shell structure are assumed to be

zero, then in Equation (22),

A. = O, B. =O
I 1

In order to illustratethe method, consider a damped sinusoidal point force

acting on the stiffened shell structure. The force may be represented as:

Fr(t) = F° e-_t coso_t (24)

where o_ = forcing function frequency (rad/sec)

= decay factor for the forcing function.

Substituting the right hand side of Equation (24) into Equation (23) yields:

wi(s o) cos(n i eo)F o ft X (t - r)
= j coso_Te-C_Te - 2 sin _i(t - r) dTqi(t)

mii _i o

The integral of this expression is given by

%(t) e 2 i t e_fi t -_cos(oo +_,i)t + (o0+_i)sin(oj+_,i)t

m.. _i _i )2N B 2 + (o_ +

- _ c°s(°¢- Ti)t + (°J-)'i) sin(°_-Ti)t ] { }]
+ ..... +_ ! + !

_2B2 + (0_ - _i )2 _2 + (o_ +_i )2 + (_ - ri )2

+
cos 7it

2 e_B t { _sin(00+_i)t + (u_ + 7 i) cos (o0 + _i)t

2 + (o_ + Yi )2

_sin(w-_i)+(°c-_i)c°s(°_-_'i)t} {_
B 2 + (o_ - _i )2

(oo+Yi) (oo-_i) I]_2+(_+_)2- B2+(o_-_i)2'J

(25)
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where

In case the damping is causedby the structural elements including the shell,

rings and mass attachments, the following condition may be used:

(26)

So that, _i

° _" m°o

1 11

and _ in Equations (lib) and (26) are written as:

(27 a, b)

D. Computer Program for the Transient Response of the Stiffened Shell Structure

A computer program is developed to determine the transient response of a

stiffened shell structure. The program is designed for rotationally symmetric built-

up shell structures. However, it may be adapted to handle other types of structures,

if the normal mode and frequency data are available. The initial displacement and

velocity of the structure are assumed to be zero.

The program is designed to handle any arbitrary time dependent point force acting

on the shell structure. For this purpose, Equation (23), which involves numerical

integration, is employed. The numerical values of the forcing function Fr(t ) must be

given at a sufficient number of time intervals in order that the numerical integration

subroutine may yield accurate response data. The Fr(t ) data is part of the input to

the computer program. In the sample run described in subsection (E), a damped

sinusoidal forcing function, Equation (24), is used. The program generated response

data, qi(t), are compared with the values computed with the use of Equation (25),

which was obtained through analytical integration.
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The analytical expressions used in the computer program are given by Equations

(20), (21), (23), (24), and (27a, b). The keypunch input data format and program listing

are given in Appendix B. The input data parameters and the notations used in the

program consist of the following:

TIN

DELT

TEND

LAMDA 0O,

FFCT (Fr)

ALFA (o_)

THO

(_MFC (w)

NX, NY

U,V,W,BETA

ITAO

MT

TETA

NM

NS

NRESP

NSEG

NSTAT

L_CFC

= initial time, (sec.)

= increment of time, (sec.)

= end of the time, (sec.)

= damping coefficient

= forcing function at t = 0, (lbs.)

= decay coefficient

= location of loading (circumferentially)

= forcing function frequency (rad/sec)

= axial half wave number and circumferential wave

number

= axial, circumferential, lateral, and rotatory

displacement, respectively

= number of incremental time to describe the history

of forcing function

= number of incremental time to describe the history

of vibro-response + 1

= circumferential location where response is desired,

(rad.)

= number of modes considered

number of sections, a minus sign is attached if a

ring stiffener exists at the rightmost end of the

structure

= number of points responses are sought

number of segments in the section

total number of segments in the entire structure + 1

segment at which the force is applied
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(LRESP(I), I=l, NRESP)

CM

NCH (n i)

NDEGR

AC(I) ,I=l,7

XA

XB

HA (h)

Ba s (p)

KT2

RH¢ (pR)

EN (en)

EPHI (e(p)

IX (Icp)

RRAD (aR)

AREA (AR)

NR

= segments at which responses are sought

= modal frequency, (rad./sec. )

= circumferential wave number

= number of degrees of the polynomial describing the

meridian configuration

= coefficients of the polynomial

= beginning point (left to right) of the section (in.)

= ending point of the section, (in.)

= thickness of shell at the particular section (in.)

= material mass density for the section, (lb-sec2/in 4)

= 1, if ring exists only at the first segment of the section

= 2, if ring exists at every segment in the section

= 0, no rings in the section

= mass density of ring material (lb-sec2/in 4)

= distance, in the direction perpendicular to the shell

surface, from shell point of attachment to the centroid

of the ring cross section, (in.)

= meridional distance from shell point of attachment to

the centroid of the ring cross section, (in.)

= area moment of inertia about the axis parallel to

meridian tangent of the shell surface at the point of

attachment, (in 4)

= area moment of inertia about the axis perpendicular

to the surface of the shell, (in 4)

= principal radius of curvature of the ring, (in.)

= cross sectional area, (in 2)

= 0, cylindrical shell case - no stiffener

= 1, general stiffened shell structure
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Zl, Z2, Z3, Z 4 and FQ

These are the data punched out from General Stiffened Shell program. The

only data used in the present program are Z1 and FQ.

Z 1 = circumferential wave number

FQ = natural frequency (cps)

The response data generated by the computer program is plotted in Figure 9.

E. Transient Response Program Applied to Simply Supported Cylindrical Shell

The transient response of a simply supported cylindrical shell is considered in

this subsection. Equations to compute the natural frequencies and normal modes for

the cylindrical shell are given. The method to generate the input data for the

transient response program is described. The particular set of geometric parameters

for the cylindrical shell is selected to have comparable overall dimensions and identical

material properties as the instrument unit scale model described previously.

The natural frequencies of a simply supported shell are given by the equation:

_nk 2 1 [n2+ (k_ - -I] + " 2 - a 2 2lo . ]
where

n = circumferential wave number

k = axial half wave number

The lowest n frequencies determined by Equation (28) are arranged in ascending order

and numbered from i = 1, 2,... n, such that

o01 < o02 < "'" < o0n (29)

where corresponding to the i th frequency o0i '

n = ni , k = k i
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The normal modes of a simply supported cylindrical shell are given by the

expressions:

where,

a}u = A cos ne cos (k _"_- x)

a

v = B sin nOsin (k_'_- x)

a

w = C cos nO sin (k_r _- x)

X --

for 0 < x < (_)

0<e<2_

S
a ' the normalized axial coordinate

(30)

Comparing the above expressions to normal mode terms in Equation (20), the

mode displacements are obtained as shown below:

u i = A icos (k i_ra_ x) lv i B i sin (ki_ _ x)

a

wi c i sin (ki x) J

(31)

In Equations (31), the constants A i and B i are expressed in terms of C i by the

following relations:

a 2 2 }

Ai [-v(k i_'Z) +n i] Ir a

[(ki_ _)2+ n}

(32a)

[ 2}a n.2[(2 +Y)(kilt_-) + In i
= _ C. (32b)

Bi [( kilt _- +n}]a )2 2 1

These equations are obtained by substituting u, v, and w from Equation (30) into the

differential equations for a cylindrical shell. Equations (28), (31) and (32a, b) are

used to generate data for the frequencies and modal displacements for a given set of

geometric parameters described below. These data are then used as input to the transient

response program where the response can be computed at any point on the shell structure.

In the sample run, the response was computed at the point where load was applied.
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Geometric Parameters for Test Case

The simply supported cylindrical shell considered for the test run has the same

overall dimensions and material properties as the instrument unit scale mode. These

are:

diameter d = 39.0 inch (a = 19.5 inch)

thickness h = 0.05 inch

length _ = 53.4 inch

The material properties for aluminum are

Young's modulus

Poisson's ratio

Material density

E = 10.3x106 psi

y = 0.3

p = 0.2591 x 10 -3 lb. sec. 2/in. 4

In Figure 10 frequency spectra for k = 1, 3, 5, 7, 9, and 11 are plotted for the

particular test case with geometric parameters described below. The lowest hundred

frequencies are numbered as shown. The fundamental frequency corresponding to

k 1 = 1 and n1 = 6 is _01 = 461.6 rad./sec., (73.6 cycles/sec. ).

In Figure 11, the graph of radial displacement response as a function of time is

shown. This response is for the case where a sinusoidal force is applied at a point on

the middle span of the cylindrical shell. The forcing function frequency is identical

to the fundamental frequency of the structure. The difference between the fundamental

mode response and summation of the response for the lowest 18 modes is significant.

The peak value of displacement for the 18-mode response is more than twice the peak

for fundamental mode response alone. Convergence of the modal response is found to

be quite rapid. The solution for the lowest 12 modes differed from the lowest 18 mode

solution by only 0.5 percent for the peak value of displacement response.

Computer Program for Test Case

The analytical expressions used in this computer program are given by Equations

(28), (31) and (32a, b). The nomenclature for input data are as follows:

A Radius of the cylinder (in)

H Thickness of the cylinder skin (in)
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E

NU

RHO

L

KF

NF

NKF

KINC

KS

NS

Young's modulus of elasticity (psi)

Poisson's ratio (0)

Material density of cylinder skin (lb-sec2/in 4)

Length of the cylinder (in)

Highest axial half wave number of interest (0)

Highest circumferential wave number of interest (0)

Highest number of mode of interest (0)

= 1 covers all axis/half wave number of interest

= 2 all even or all odd of axis/half wave number (if KS = 1, odd;

if KS = 2, even)

Lowest axis/half wave number of interest (0)

Number of interior stations to determine the mode shape + 1 (0)

The keypunch input format is shown in Appendix B.

NATURAL FREQUENCIES AND NORMAL MODES OF SHELL STRUCTURES WIT H
MASS ATTACHMENTS

The mass attachments change the natural frequencies and mode shapes of the

structural system. Even very small masses, which may change the natural frequencies

only slightly, can cause significant changes of modal shapes.

The present method of approach is as follows: The normal modes and natural

frequencies for a mass attached structure are obtained with the use of modal and

frequency data for a structure without mass attachments. By the use of Lagrange's

equations developed in the section, an eigenvalue matrix equation is formulated. The

eigenvalues and eigenvectors of this matrix equation are then used to determine the

frequencies and mode shapes of the mass attached structure. These data are then used

as input to the transient response program. The advantage of this procedure is that

an uncoupled set of differential equations is obtained which deals with the transient

response of sheU structures with attached masses.

A. Theory

The analytical approach to obtain the natural frequencies and mode shapes of a

mass attached stiffened shell structure is based on the use of normal mode data for
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the unloadedstiffened shell. For this purpose, Equation (10a) developed previously

is modified to include the effect of additional mass attachments and the damping and

forcing function terms are set equal to zero:

m.. cli+ 4_2 qi + --- 0n mii Mij (33)

where mii is given by Equation (21) and Mij is identical to the last term of Equation

(18b):

= _ M L (uiu jMij L + v.v.ij+wiwj)

8 = 8L

S=S L

(34a)

For a rotationally symmetric shell structure, with the use of Equation (20), Equation

(34a) is rewritten as:

• = _2 M L [(uiu j +wiwj)cos ni8 L cos nj8 L +vivj sin nie L sin njSL]s=sLMij L
(34b)

Corresponding to the free harmonic vibration motion of the complete system, the

generalized coordinate q i is given by:

th
where r represents the r

of qi

q(r) (t) = A! r) sin o_r t (35)1

mode of free vibration of the complete system.

from Equation (35) into Equation (33) gives:

Substitution

0_/miiA([) + Uai n I j=lm.. -_/ Mij _ =0,

Both sides of this equation are multiplied by wo Omii

_r / \ _i 2 / mii

i = 1,2, 3,...n (36)

to obtain:

, i = 1,2...n (37)
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Due to practical limitations in computation, only the first n modes are considered in

Equation (37). It is also noted that 001 .... o_i are the known frequencies of the unloaded

shell, 00r is the unknown frequency of the mass attached shell. The equation may be

rewritten as:

M.. )+ _!1 A(_)m.,

U
, i = 1,2...n (38)

The corresponding matrix equation is:

r/

A 2

A.
1

A
n

_ J

(r).

mll/ \_111/

\m22/j B _2/ (1 + m22/]

Ag,i

'A I
• " " il

• I

• i

• i

+ A n
• J

(r)

(39)

Equation (39) represents an eigenvalue problem with eigenvalues

{ A1 ]ir)
eigenvectors :2 "

QJ

'co"

(
L

The eigenvalues and eigenvectors for the matrix can be

and

computed with the use of the Miters eigenvalue subroutine supplied in the program

package.
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B. Simvly Supported Cylindrical Shell with Mass Attachment

The theory developed above is used to determine natural frequencies and mode

shapes for a simply supported cylindrical shell with mass attachments. The generalized

mass expression mii for the shell is given by the first term of Equation (21):

m.. = tTa2oh (u + +w ) dx (40)
11 1

where x = S_athe normalized axial coordinate. Substitution of the expressions ui, vi,

w i from Equations (31) into the above equations gives:

mi i rra2ph_0('/a)IA } a (B}+C} 2 a )1= cos2(ki y _ x) + )sin (Kilt _ x dx

therefore,

}11 _(A + 1 +C ) (41)

In Equation (41), the constants A. and B. are expressed in terms of C. through
1 1 1

Equations (32a, b). Furthermore, it is assumed that C. = 1, so that the maximum w.
1 1

displacement becomes unity. The generalized mass expression Mij , given by Equation
(34b), becomes:

Mij = _ M L
L I a a aAiAI c°s(kiY _ XL)C°s(kj Y 7 XL) + CiCj sin(ki" 7 XL)

+ BiBj sin(ki y aL _- XL)a}sin(kj iT_- XL) . cos ni0 L cos nj0

sin(kj. _ XL) sin nie L sin nje L I

Using Equations (41), (42), and the natural frequencies _¢i

(28) above, the (n x n) matrix Equation (39) is solved in terms of the eigenvalues and

eigenvectors.

(42)

determined from Equation

The displacement modes for the shell are then determined by the use of equations:

u(x,0)

v(x, 0 )
w(x, 0)

n

= Z A(r)
i=1

A i cos(ni0 ) cos(kilt _ x)

B i sin(hi0 ) sin(kiY __ x)

C i cos(ni0 ) sin(kiY _ x)

(43)
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C. Computer Program for Cylindrical Shell with Mass Attachments

A computer program is developed, based on the above theory, to determine the

natural frequencies and mode shapes of a simply supported cylindrical shell with mass
"4

attachments. This program can be generalized to handle rotationally symmetric built-

up shells with attached masses. The analytical expressions used in the program are

given by Equations (32a, b), (39), (41), (42) and (43). The Miters subroutine is used

to determine the eigenvalues and eigenvectors of the matrix in Equation (39).

The input data parameters for the program are:

A (a)

CL (1)

H (h)

Rho (o)

XL (Xl)

THL (6))

THI

AMASS (ML)

INC

NMODE

IMODE

IINC

The output data

th
_r - r

A1, (r)

A 2

Radius of cylinder (in)

Length of cylinder (in)

Thickness of the skin (in)

Mass density of the skin material (lb-sec2/in _)-

Meridional distance from the left end to the location where mass

is attached (in)

Cylindrical angle (rad)

Initial angular location where response is sought (rad)

Attached mass (lb-sec2/in)

Number of increment to determine stations in either axial or cir-

cumferential direction

The least number of modes, with which convergence will be

s ecured

Starting munber of mode with which behavior of convergence can

be observed (IMOD < NMODE)

Number of modes to be added to IMOD in convergence study. The

modes are added in successive batches until NMODE is reached.

consists of:

natural frequency of mass attached shell (rad/sec)

• , - rth mode shape vector

A
I1
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v I - displacements at various locations of the shell

The simply supported cylindrieal shell used previously in the unloaded configura-

tion is now investigated with additional mass attachment. The mass M L and location

of the mass are:

M L : 0. 259 x 10 -2 lb sec2/in., which is the mass corresponding to a 1 lb weight.

e L = 0

The two lowest natural frequencies and the corresponding mode shapes are

computed using 30, 40and 50 modes of the unloaded shell. The computed results show

that the frequencies and mode shapes converge for the 40 mode solution. Furthermore,

it was found that for the 10 mode solution, frequencies converge to within 3 percent of

the 40 mode solution. However, the mode shapes from the 10 mode solution did not

show good agreement with the mode shape from 40 mode solution. This is the usual

result af the energy approach, namely the frequencies converge to the correct values

faster than the mode shapes as the number of modes used for computation is increased.

Using 40 modes, the computed frequencies and corresponding mode shapes for

the lowest two modes of the mass attached shell are shown in Figures 12, 13, and 14.

Figure 12 shows the displacement w along the axial coordinate of the shell for modes 1

and 2. Figure 13 and 14 show the displacement w along the circumferential coordinate

of the shell. Similar results have been obtained experimentally (Reference 4) for a

cylindrical shell with somewhat different geometric parameters. In general, the mode

shapes obtained in the analysis are very similar to the above quoted experimental results.

D. Stiffened Shell Structures with Mass Attachments

The computer program described above for the mass-attached cylindrical shells

can be readily generalized to determine the natural frequencies andmode shapes of

rotationally symmetric shell structures with mass attachments. The basic theory and

analysis are identical for both type shells. A brief description of the method for writing

this computer program is now given.

The program is designed to compute the eigenvalues and eigenvectors of the (nx n)

matrix in Equation (39). The expressions for mii and Mij are given by Equations (21) and

(34b), respectively. In these equations, the values of ui(s), vi(s) and wi(s ) must be known
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MASS =

f = 60."/3 CPS

FIGURE 13_. CIRCUMFERENTIAL DEFLECTION (THE FIRST MODE)
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FIGURE 14. CIRCUMFERENTIAL DEFLECTION (THE SECOND MODE)
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as a functional relation or in the form of numerical values at sufficient number of

locations along the axial coordinate of the built-up shell structure. Hence, the first

term of Equation (21) may be integrated either analytical or numerically. The numer-

ical integration subroutine has been used in the transient response computer program

described previously. The same subroutine is used in the present program.

The input data to this computer program consist of the geometric parameters

for the built-up shell and sufficient number of natural frequencies with corresponding

mode shapes to obtain convergent eigenvalues for the (nx n) matrix. The computed

values of the eigenvectors are then used to determine the displacement components of

the shell. The displacements are computed by using Equation (20) which is rewritten

for the rotationally symmetric shell case as

u(s, e) n I ui(s) cos ni e

v(s, O) = i=1_ A!r)l / vi(s) sin ni 0

tw(s, e) twi(s ) cos n i e

where superscript (r) represents the r th mode of the mass attached shell. The input

data parameters and the notations used in the program are similar to those used for

the transient response program discussed above.
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SECTION IV

ACOUSTIC LOADING AND BLAST OVERPRESSURE

RANDOM ACOUSTIC TESTING

The Saturn V instrument unit scale model was mounted in a 170 cubic-foot

reverberant chamber for broad band random acoustic noise tests. The chamber was

lined with 8-inch thick open-cell foam material to provide anechoic conditions. The

ends of the specimen were capped, with the lower end bolted securely to the chamber

floor. As shown in Figure 15, four accelerometers were mounted to the periphery of

the instrument unit 90 degrees apart and one each to the upper and lower shell seg-

ments. Three microphones were mounted around the specimen for external sound

field measurements. One additional microphone was installed inside the specimen at

the geometric center.

Tests were conducted at an overall sound pressure level of 145 dB for two con-

figurations of the instrument unit model. In the first test, no masses simulating instru-

ment packages were installed. In the second test, eight weights were installed on the

instrument unit section of the model. Each weight was centered within a 15 degree

section simulating instrument package installation.

The recording instrumentation consisted of Endevco Dyna-Monitors, B & K and

Altec Microphones and Power Supplies, C.E.C. Recording Oscillograph, and a

Sanborn 14-Channel Magnetic Tape Recorder. A block diagram of the essential

components of instrumentation used for recording and analysis of the acoustic data

are shown in Figure 16.

In the random acoustic tests performed, the real time data were recorded on

magnetic tapes. The loop data were processed into power spectral data using standard

instrumentation. Specifically, autocorrelation function was generated based on the

real time data. The Fourier transformation of the autocorrelation function yielded

the power spectral data which were plotted by the X-Y recorder. Typical input and

response power spectra for the random acoustic excitation are shown subsequently in

this section under the heading "Acoustic Response Analysis of Stiffened Shell Models"

together with the analytical response spectrum.
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BLAST OVERPRESSURE TESTING

The same instrument unit scale model was subjected to a simulated blast

overpressure condition in the same configurations as that used for broad band random

acoustic testing. The capped ends of the specimen allow atmospheric pressure to

exist within the specimen cavity while the external surface is exposed to the over-

pressure pulse. The tests were conducted in the reverberant chamber.

The overpressure pulse was obtained by applying a controlled electrical impulse

to the Norair MK-V acoustic generator. The generator employs a unique poppet valve

design which controls the high pressure air flow at the mouth of the horn. The single

electrical impulse produces a high pressure wave in the form of a shock front sawtooth.

Peak pressures approaching 0.5 psi were obtained by this method. Six accelerometers

and four microphones were monitored and recorded for both specimen configurations

tested. The locations of the pickups were the same as that used in the acoustic tests

which are shown in Figure 15. In addition to the above mentioned instrumentation, an

attempt was made to record the surface bending strain at three points on the specimen

surface. It was found during initial tests that the strain levels were too low to be

accurately recorded for analysis purposes. Typical real time data are shown in

Figures 17 and 18 for the unloaded instrument unit scale model. In Figure 17, the

accelerometer data are recorded in six (6) channels. The corresponding strain gage

and microphone data are recorded in Figure 18.

ACOUSTIC RESPONSE ANALYSIS OF STIFFENED SHELL MODELS

A (1:6.67) scale model of the instrument unit shell structure was tested in

Northrop Norair acoustic chamber. The detail test setup was described in previous

subsections. The real time data were recorded on magnetic tape loops and processed

into power spectra using standard instrumentation. Typical input and response power

spectra generated in this manner are plotted in Figures 19 and 20. An analytical

technique described in References 5 and 6 was used to generate the response data

using the input spectrum and the previously obtained natural frequency modes of the

shell scale model. The data obtained analytically are over-:plotted in Figure 20. The

following is a description of the analysis.
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Let the Fourier transform of the acoustic pressure be expressed as Fp(X, aJ), it

may be shown that the expression for the power spectrum of the radial displacement

is:

w k (x) w. (x)
• w(X,_) = _ I a ×

ff m--- T-_ P (xl' _) p (x2, _) Wk(Xl) wj(x2) dAldA2
AA

(1)

In the above formulation, only the normal pressure is considered. The following

conventions are used:

Wk(X)

M k

= the k th normal mode of the shell

= the k th eigen-frequency (rad/sec)

= the generalized mass corresponding to the kth mode

f m(w_+_÷ v_)dX÷I Prar f 2. {A[(uk
r

A o

+ _k en)2

+ 2 e_) 2 + I_ 2

Ck = the damping coefficient of the k th mode

A = the total surface area of the shell

T = time

r = index for rings in stiffened shell

m = mass of shell per unit area

w, u, v = displacement components

= angle of rotation

dO
r

(2)
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p

r

r

A

I x, I =Y

en, e_ =

density of the ring stiffener material

radius of the ring stiffener

cross section of the ring stiffener

moment of inertia of the ring stiffener about its principal axes

distance between c.g. of the ring to the point of attachment in n and ¢
directions, respectively, (see Reference 1, p. 23)

The power spectral density as obtained from an external pressure pickup is

assumed to be typical of the acoustic input spectra, (Figure 19). The following

assumptions are employed to simplify the computations.

A) p(x, t) = h(x) f(t) (3)

ie e, j

FT(x, W) = h(x) FT(w) (4)

where

T

1 . f f(t) e -iwt dt
F T(a_) = _ -T (5)

B) Ck = 2V'k (6)

where

c
C 27r

cr

c = damping coefficient

= the magnitude of the viscous resistance at unit velocity

Ccr = critical damping coefficient

6 = the logarithmic decrement of the amplitude
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Substituting Equations (3) through (6) into (l) and using the definition of the

power spectrum, the following is obtained:

lim _2_T2. FT(x, a)) FT (x,_ ) (7)• p(X,a)) = T-._o p

The power spectral density of the shell acoustic response may be obtained as follows:

Wk(X ) h(x 1) f
A A

wj(x 2) h(x2) dA 2 dA 1

Bk Wk(X ) B.jwj(x)

2_ 2 (s)

where

(9)

Bk = f wk(x) h(x) dA

A

(10)

In Equation (10), Bk is the generalized force corresponding to mode Wk(X). For

the unloaded instrument unit scale model, Wk(X) = Wk(S) cos nk8, the acoustic pressure

distribution is assumed as the following:

h(x)

cos 6/, Ir < e < 7r

311"
o,_-<0_< T

0 -< s _. L (il)

71



so that

_bp(W) = _p(X, w) [0=0 ' s=s
0

2 cos R(s)_k(s)(is, nk _ 1
nk-i o

L

(.12)I R(s)%(s)ds, = 1
0

(12)

In Equations (12), R(s) is the geometrical radius of the shell which is a function

of the meridian locations. The solid line in Figure 20 shows the typical experimental

power spectrum data of the shell response. The ordinate used in the plot is the

spectral density of the acceleration level measured in g's. In other words, it repre-

sents the spectral density of (wo_2/g) and has a dimension of (cps -1) since the frequency

coordinate is in cps. The dotted line indicates the computed value (¢g) corresponding

to the shell natural frequencies with 7 = 0. 0032. The formula used to compute _g is

an alternative version of Equation (8) which is explained below:

4

#g(X, _) = #w(X, _) -_-_2
g

_p(W) ZZ
kj

B k Wk(X) Bj wj(x)
×

(13)

where subscript g indicates the response in terms of acceleration level and _ is the

gravitational acceleration.

To mechanize the analysis described above, the following step-by-step pro-

cedures may be used.
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1. Run a stiffened shell program or other similar programs to obtain all the

natural modeswith frequencies lower than the upper limit of the response

frequency range. The program generates the natural frequency a_k and
mode shapeWk, Uk, vk, ilk' etc. for each mode. Figure 21 shows the

effect of the shell response at high frequency region which is influenced by

a low frequency mode using the single mode approach. The plot stresses

the importance of compiling all the natural frequency modes below the cut-

off frequency in acoustic response investigation.

2. Compute the generalized mass Mk for each mode using Equation (2).

3. Choose a typical input power spectrum of acoustic loads _p(X, _0 ) at a
certain location x = x .

o

4. Determine the spacewise pressure distribution function h(x).

5. Compute the generalized force Bk for each mode using Equation (10).

6. Determine a number of frequencies _ on the input spectrum at which the

values of ¢p(Xo, u_) are measured or tabulated. The following frequencies
are to be included:

a. A frequency corresponding to the peak of the input spectrum. Also two

or three additional frequencies in its neighborhood which completely

define the peak pattern.

2

_k

FREQUENCY a_

FIGURE 21. TRANSFER FUNCTION CORRESPONDING TO A SINGLE MODE
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,

10.

b. A shell natural frequency. Also two or three additional frequencies in

the neighborhood of the natural frequency.

After the above frequencies have been chosen, additional frequency values

are selected so that the entire frequency range is properly covered.

Measure _p(Xo, o_) at each response frequency o_ determined in the previous

step.

¢p(Xo, )

Compute and tabulate h2(xo) - _bp(W) as a function of w.

Determine the damping coefficient c = 7 Ccr based on experimental data. In

case the damping data is not available, the following procedure may be used.

The procedure is based on a best fit of the peak values of the analytical and

experimental response power spectra at certain mode frequencies. Use the

following formula to estimate the peak value of the power spectral density

of the shell acoustic response at the natural frequency of the k th mode

' [Bk Wk(X) ]2 ._ L

In the above equation, _ is adjusted so that a proper fit may be obtained

between the test and analytical data. Several natural frequency modes are

used to reach a reasonable mean value of the damping coefficient.

Run the acoustic response program to obtain the shell response Cg(Xl, ¢0)

at a specific location x = x I with the following data as input:

a. The damping constant

b. The natural frequencies of the modes O_k, k = 1, 2...N

c. The generalized forces of the modes Bk, k = 1, 2...N

d. The generalized masses of the modes Mk, k = 1, 2...N

e. The response frequencies o_(I), I = 1, 2... L

f. The input power spectrum ¢ [ a_(I)J, I = 1, 2... L
P
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g. The amplitudes of the normal mode shapes at x = x1

Wk(Xl), k = 1, 2...N

where N = the totalnumber of inputmodes

L = the totalnumber of stations selected in the frequency domain

The complete program and the work instructionsto carry out the above

analytical procedures are given in Appendix C.

A sample run was performed to predict the acoustic response of the instrument

unit scale model in the frequency range between 40 and 350 cps. The spacewise

pressure distributionwas assumed to be prescribed by Equation (11). Nine natural

modes were employed as part of the input. The model data were obtained through the

general stiffened shell program. Their validitywas confirmed by vibration tests.

Figure 22 shows the driving point impedance plotof the unloaded instrument unit

scale model The computed eigen-frequencies of the input modes used in acoustic

analysis are marked in the figure. The low impedance points in between the arrow-

heads reflect the modes with odd circumferential wave numbers (nk = 3, 5, 7 ... ).

Itmay be seen from Equation (12)that

B k = 0 for n k=3, 5, 7...

Therefore, those modes do not contribute to the response spectrum and are not included

in the acoustic response computation. Table 1 shows the detail modal data of the input

modes used. The data (Wk) have been normalized and are non-dimensional. It may be

seen that (B k Wk) / (Mk_) remains to be non-dimensional while g has a unit of (inch/

second2). The analytical spectrum computed in this manner is plotted as a broken line

in Figure 20.

75



- --_L --

76



TABLE i. MODAL INPUT DATA USED IN THE INSTRUMENT

UNIT ACOUSTIC RESPONSE PROGRAM

HARMONIC
NO.

no

J

NATURAL

FREQUENCY

(cps)
_./2_

J

AMPLITUDE OF

MODA L SHA PE

AT 8=0, S=S
O

w k

GENERA LIZ ED
MASS

M k (lb. in. sec 2)

INTEGRATION
C ONSTA NT

Bk O_b.m.)

1

1

2

2

4

6

4

4

6

0.11

15.0

22.8

42.6

87.25

105.0

188.8

306.6

348.5

O. 988

-0. 0235

O. 786

-0. 209

0.99

O. 984

0.21

-0. 408

-0. 753

O. 0908

O. 06

O. 0377

O. 0243

O. 029

O. 0263

O. 01985

O. 0192

O. 0218

x(-;)
732.1 x (--_)

-107.3 x (--_-)

-745 x (%)

-69.5 x (%)

257 x (--_5)
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SECTION V

SHELL SCALE MODEL DESIGN PROCEDURE

To design shell scale models for dynamic investigation, it is important to

establish specific similitude relations. The similitude relations are used to define

the dimensions, materials and other parameters in model design. They are also used

to interpret the model dynamic response data and to predict the corresponding res-

ponses in the full scale structure.

During the present investigation, a number of scale models have been designed

and tested. In one case, the scale model dynamic response data were compared with

the full scale structure data. In general, the procedure has been found satisfactory

and is described below.

GENERAL SCALING CONSIDERATIONS

Assume a prototype structure which has a diameter of 260 inches and is made of

honeycomb sandwich. The scale model is made of solid aluminum sheet with ring

stiffeners. The linear scale ratio is 1:6.67. The basic dimension system of length,

force, time is used. In establishing the scaling relations, a prime on a variable is

used to indicate the full scale structure (prototype). A non-primed variable is used

to indicate the scale model. Corresponding to the basic dimensions (_, F, t), the

following nomenclatures are used:

l' = ×l

F'= XF

t' = Tt

For most other variables, the scaling ratio is represented by a attached with a sub-

script indicating the variable under consideration. Thus the scaling factor for the

Young's modulus is:

aE = E'/E.

To establish proper sealing relations for shell structures, typical shell dynamic

equations are established. The procedure used here is similar to the one demonstrated
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in the previous reports. Starting with the shell equations originated by Vlasov

(Reference 8), the equations in the most general form are:

1
_% _t, _ _ .Z_w = o (1)

D AAw -_)_ = qn (2)

In the above equations, h is the shell thickness, D is the shell flexural rigidity, A is

the Laplace operator in the curvilinear coordinates, _)is another second order differ-

ential operator. ¢ is an auxiliary stress function whose second derivatives yield the

in-plance stresses. ¢ has a dimension of (FL). w is the normal displacement, qn is

the normal load on the shell. For a cylindrical shell, the cylindrical coordinate

system (r, 8, z) is used. The two differential operators may be written as:

1 52 b2

2r bO2 5z 2

r b02 bz 2

So that A has the dimension of (_) and_)has the dimension of (?).

flexural rigidity D may be defined below.

The shell

For solid shell:

D _

Eh 3

_2(1 - v2) (3)

For honeycomb sandwmh shell:

D = Eh(h+2c) 2

16 (1 - v2)
(4)

where h is the sandwich skin total thickness and c is the core thickness.

For dynamic case, it is understood that a factor e i_t has been dropped from all

terms of (1), (2). The normal load qn is represented in terms of the inertia forces.

Thus, for a solid shell

qn = ph a/2 w (5)
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For a honeycomb sandwich shell,

qn = PH°C2w

where H is the compacted thickness of the shell.

Using the primed variables for the prototype structure and non-primed

variables for the scale model, the coupled shell equations (1), (2) for the prototype

may be rewritten as follows in terms of the scale model variables:

(6)

/---_4 1 AA¢ + 1----._w= 0
_E k Eh _2 (7)

In order that Equations (7), (8) are equivalent to Equations (1), (2) applied to the

scale model, the following scaling relations are required:

X = z E _2 (9)

a D = a E k 3 (10)

g_ = 1 _ 1 I gD

In the above derivation, it has been assumed that:

_¢ = Xk

(11)

(12)

Since the second derivatives of the auxiliary function ¢ yields the membrane

stresses, Equation (12) is acceptable as long as the shell thickness is scaled according

to (£). In case this latter condition is not satisfied, then the membrane stress

scaling relation is violated. Proper compensation is needed if the membrane stresses

are significant. A typical example of discrepancy in membrane stress scaling in-

volves the modeling of a sandwich honeycomb shell using a solid shell. This will be

explained later through Equation (10).

Equation (9) defines the scaling relation for the Young's moduli of the prototype

and the scale model in terms of the force and length scales. Equation (10) defines

the shell flexural rigidity scaling relation which is important in thin shells used in

aerospace structures, a D is a ratio of the flexural rigidity where proper expression
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(3) or (4) is to be used.

reduced to:

Equation (11) defines the frequency ratio. The equation is

(13)

for the special case aH =k. For a shell structure where concentrated mass(es) M is

attached, the contribution to the inertia term at the right hand side of Equation (72) is

of the following type:

M _2

qn = _2 w (14)

where _2 is the area of attachment. A scaling relation similar to (11) is then:

which may be rewritten as:

(15)

= _D X2 a H _p (16)
_M k2aQ2 -

Equation (16) is essentially a relation of consistent mass scaling for the shell and

the attached mass.

Consider a scale model made of the same material as the prototype,

_E = ap = 1, the scaling relations are simplified as shown below:

X = X2

% --x3

1

_M = k2 _H

=k applies. The
1

Equation (19) is reduced to a_j = k ff the special condition a H

corresponding scaling relation (20) is then a M = k 3.

(.17)

(18)

(19)

(20)
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Now consider the dynamic impedance of a shell structure, the impedance

amplitude may be defined as:

Iz(x)l =FJ_KL (21)
w_2

which has a dimension of mass. The scaling relation for impedance amplitude is then:

cyz = )_2 0.H ffp = ffD (22)
k2aQ 2

NUMERICAL DATA

A scale model is designed for a Saturn V sandwich honeycomb shell structure.

A linear scaling ratio of )_ = 6.67 is used. The scale model uses solid aluminum

sheet 6061-T4 with ring stiffeners. The same material is used in the majority portion

of the prototype structure. The prototype shell has the following dimensional and

material data:

R' = 260"

H' = 0. 1125'% h' = 0.042"

c' = 0.90"

E' =E = 10.3x 106 psi

V' = V= 0.30

The other dimensional details including stiffeners, attached weights, and supporting

conditions are not given here. They may be computed according to the relations

established in the section. Applying Equation (4), the flexural rigidity of the prototype

shell is:

D' = 1. 005 x 105 lb. in.

Assuming a scale model shell thickness of 0. 071,,, the following scaling ratios are

obtained:

{/H = H'/h = 1. 585

1.005 x 105
ffD = 338 = 297

1 1

3.25 (23)
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According to Equation (10),

puted value. Equation (16) is used to compute the mass scaling ratio which yields:

aD
crM - - 70.5

X2a_ 2

a D = aE _3 = 296 which is consistent with the above com-

(24)

which is also equal to a z according to Equation (22). The driving point dynamic

impedances for the prototype and the scale model are plotted in Figure 23. In the

plot, the ordinate indicates the impedance in terms of I Z(_)l .g so that the unit is

(lb.) instead of a mass unit. The prototype data are plotted in a solid line. The scale

model data which have been modified using Equations (23), (24), are plotted in a

broken line.
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

RE VIEW OF ACCOMPLISHED WORK

The shell structures in the various stages of the SATURN V system are large,

massive, and intricate. To conduct vibration tests involving the components mounted

on the shell structures, correspondingly large and expensive facilities are needed. To

perform the tests economically on certain shell-mounted components, with no sacrifice

in the validity of the test data, a rational shell segmentation procedure is an attractive

approach.

The procedure described in the report involved the determination of the dynamic

responses of the complete and uncut shell structure. Based on the response data, a

part of the shell structure with the mounted components was determined and segmented.

To compensate for the dynamic interaction between the segmented shell and the remain-

ing structure, flexible supports were adapted in the test setup. A criterion in the seg-

mentation and support design was to retain as many as possible of the major vibration

modes of the uncut shell structure. The modal data were obtained in the viDration test

using a frequency sweep. The segmentation procedure served to demonstrate the feasi-

bility and desirability of the approach.

A shell model scaling technique developed in the contract period will be of special

interest to testing engineers. Using the technique, scale models were designed to

verify the segmentation procedure. The test data based on the scale model were scaled

up to predict the vibration response of the full scale structure. In this manner, the

segmented specimen of the full scale SATURN shell structure was designed and fabri-

cated. Applying this technique, the engineer will have sufficient confidence that the

designed specimen will have the desired dynamic responses under vibration.

To substantiate the test procedure, a parallel analytical investigation was conducted

in the program. Specifically, the overall shell response was investigated using an

integration procedure. For the segmented shell with mounted components, a finite

difference technique was developed to generate the modal data.
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The detailed work items on shell segmentation completed during the contract

period are listed below:

1. A rectangular plate with various flexible supports was tested to evaluate

the dynamic characteristics of the supports and the effect of point supports

to the plate responses.

2. A finite difference computer program was developed to predict the modal

data of the flexibly-supported rectangular plate.

3. Four (4) shell scale models were designed and fabricated based on the

component-mounted SATURN shell structures. Vibration tests were

performed to acquire the modal data. The shell scale model design

procedure was formulated and documented in the final report.

4. Differential equations were established for the complete shell of revolution.

Detailed formulation of the dynamic impedance of the ring stiffeners was

carried out and documented in the first year progress report (Reference 1).

A computer program was generated using stepwise integration and

considering the ring impedances.

5. A segmentation procedure was established which was applied to two shell

scale models. Vibration test data were acquired and documented for the

segmented specimens.

6. A finite difference method was used to predict the modal data of the seg-

mented shell. The mass and moment inertia of the attached components

were considered, as well as the edge flexible supports. The method was

mechanized in a computer program. In general, the analytical data

generated by the computer program compared favorably with the test data.

7. A shell model scaling technique described above was applied to the

SATURN S-4B instrument unit prototype (full scale) structure. Vibration

tests were successfully conducted on the full scale segmented shell structure

with mounted components making use of the scale model data acquired

previously.

In addition to the work items described above, shell dynamic responses of a

more general nature were investigated during the second year of the contract period.

The investigation included the responses of the stiffened shell structures under

transient and impulsive loadings, and the shell acoustic and blast overpressure
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responses. The work conductedon these additional subjects is described in Sections

HI and IV of the present report. A number of computer programs were generated

and checked out for the purpose which are documented in the Appendix.

CONCLUSIONS AND RECOMMENDATIONS

The investigation conducted in the contract demonstrated the feasibility of

performing vibration tests for shell-motmted components using a segmented shell

structure. A design procedure and related guidelines were formulated for this

purpose. (See Reference 2 and the final report. ) As is well known to the test

engineers, the design and location of the flexible supports have a significant effect on

the dynamic responses of the segmented structure. Since the SATURN shell structures

are always large and expensive, it is well advisable to conduct a scale model investi-

gation prior to segmentation design and fabrication. In the S-4B instrument unit

segmentation test conducted in the contract, it was found that sufficient friction and

damping existed in the segmented shell and supports. No additional damping devices

were needed to control the vibration amplitudes. For other shell structures such as

the S-1C oxidizer tank bulkhead, the inherent damping in the segmented piece may be

relatively small. In this case, it may be necessary to adjust the vibration input to

regulate the amplitudes. Otherwise, damping devices may be installed at the support-

ing stations to control the response amplitudes.

In the vibration tests performed, partially because of size and facility limita-

tions, the vibration inputs (shaker heads) were connected to the test specimens. The

inputs were regulated so that the desired amplitudes (as functions of the frequency)

were reached at specified locations. In certain tests, it may be desirable to install

the flexibly-supported specimen on a very rigid structure. The vibration inputs are

then supplied through the rigid structure. For the latter case, the procedure reported

in the contract may still apply with certain modifications such as the manner the

vibration amplitudes are monitored and controlled, etc.

Analytical study on the modal responses of the complete and segmented shell

supplied a guideline and gave insight to the problems involved. It is thus always

advisable to apply the analytical technique described in the report or similar methods

before or during the tests.
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To conclude the report, the following specific recommendations are postulated:

1. Use the segmentation procedure for selected component qualification tests

on SATURN structures. It may be advisable to start with some hardware

where substantial experiences have been accummulated on the testing of a

shell structure which was not segmented. When properly applied, substan-

tial savings in time and expenses may be realized in conducting vibration

tests using the segmented shells.

2. Explore the use of the finite element method in predicting the modal data

of the segmented shell structures. In the contract work, the finite difference

method was used to investigate the modal behavior of a segmented and

flexibly-supported shell. The finite difference method possesses certain

desirable features in dealing with singly or doubly curved shell structures.

Using the method, the input data generation to the computer program is

somewhat cumbersome. In order that the segmentation technique may be

used by a large number of testing engineers, it is advisable to explore the

use of the finite element method where the input data may be generated in a

more mechanical fashion. It is recommended that the latter approach be

explored in future investigations.

3. Further explore the acoustic responses of a stiffened shell structure of the

SATURN type. During the contract period, random acoustic tests were

performed on the complete instrument unit scale model. Power spectra of

the acoustic input, the shell responses and the acoustic pressure inside

the enclosed shell were generated. An analytical method was used to

predict the shell acoustic response which was described in the present

report. Since the preparations of the report draft, the principal investigator

has further explored the subject. Using wave propagation equations together

with the shell dynamic equations, it was possible to formulate the acoustic

spectra inside the shell cavity considering the shell modal data, the shell

structural damping as well as the air damping. Since the more delicate

components in a SATURN system are located inside the shell structure

which are subject to intense acoustic excitation during the launch phase,

the analytical approach holds promise to predict the detailed acoustic

distribution irmide the structure as well as to define possible approaches of

reducing the undesirable acoustic excitation. It is recommended that

further investigation be carried out in the subject area.
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APPENDIX A

KEYPUNCH INPUT FORMAT AND LISTINGS

OF THE FINITE DIFFERENCE

COMPUTER PROGRAM

A-I



LISTINGS

The following listing contains the complete main program and its subroutines

with the exception of a subroutine named "MITER'_. The MITER subroutine is a

standard eigenvalue, eigenvector routine. Its physical package of the subroutine

follows CHN5. Input data are also included here. The technique for their arrange-

ments was explained in Section II previously.

Sample runs have been performed using 60 internal and boundary points for the

scale mode of the shell panel as shown in Figure 6, Section H. Figure 7 shows the

grid point arrangement. The computer output representing detail modal and frequency

data were submitted to NASA Marshall Space Flight Center. The data listings are too

voluminous to be included in the report. It is suggested that interested personnel

contact NASA Marshall Space Flight Center Propulsion and Vehicle Engineering

Laboratory for detail information on the program.

*The writeup and subroutine deck of "MITER" are available at IBM SHARE general
library.
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APPENDIX B

KEYPUNCH INPUT FORMAT AND LISTINGS OF THE SHELL

TRANSIENT RESPONSE COMPUTER PROGRAMS

This appendix includes the input formats, listings and sample run data of three
(3) related computer programs. The analyses of the programs are described in

Section HI of the subject report. The detail data are arranged according to the following
order:

1. Natural Frequencies and Modes of Simply Supported Cylindrical Shell

This program provides circumferential harmonic numbers, n, axial half wave
numbers, k, and the corresponding natural frequencies and modes in either print or
punched cards. For the sample run, thirty lowest natural frequencies for the shell
are computed and printed out in sequence. These frequencies are in the range of
n =2_30andk= 1, 3, 5, 7, ... 15.

The program also provides the normalized displacement components, u, v, and
w for each of the natural modes and the corresponding natural frequencies. For the
sample run, values of u, v and w are printed out for 21 axial stations.

2. Transient Respcmse for the General Stiffened Shell

This program provides the transient response solution for displacement compo-
• nents, u, v, and w at a given location of the shell. Two sample runs are included

here.

ae Clyindrical Shell - From the data obtained by using the program, "Natural
Frequencies and Modes of Simply Supported Cylindrical Snell," 18 modes
for odd values of k are selected for input to this program. The print out is

shown for the response of the first mode, as well as the response for 12
modes and for 18 modes.

be Instrtunent Unit Structure - Data obtained from the program ,_3eneral

Stiffened Shell," NOR-66-201, May 1966 of this contract, are directly used
as input data to the present program. Final results shown in the output
data sheets are the modal summation based on nine natural modes, of the

nine modes, two modes are corresponding to n = 1; two modes, n = 2;
three modes, n = 4; and two modes, n = 6.
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3. Natural Frequency and Modes of Mass Attached Cylindrical Shell

This program computes the natural frequencies and mode shapes of a mass
attached shell structure. Natural frequencies and mode shapes are computed by using

30, 40 and 50 modes c_ the unloaded shell. Frequencies and mode shapes that are
converged for the 50 mode case are shown here.
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NATURAL FREQUENCIES AND MODES OF SIMPLY

SUPPORTED CYLINDRICAL SHELL
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SAMPLE RUN

TRANSIENT RESPONSE OF CYLINDRICAL SHELL
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FUR THE WAVE NUMBER 6

T

LUCATIUN OF SEGMENT II AND THETA

O. -0.

C.IOCOOUE-02 0,125024E-13

0.200000E-02 0, I03705E-12

0.300000E-02 0.195866E-12

_.400000E-02 0.240742E-12

0.500000E-02 0.202665E-12

0.600000E-02 0.745846E-13

0.700000E-02 -0. II7080E-12

0.800000E-02 -0.318993E-12

C,900000E-02 -O,406860E-12

O.lO0000E-Ol -0.505809E-12

C.IIO000E-OI -0.408793E-12

O.120000E-OI -0.187212E-12

O.130000E-OI 0, I09720E-12

O.140000E-OI 0.4069glE-12

C,150000E-OI 0.B23gOTE-12

O.leOCOOE-O! 0.696649E-12

O.170000E-OI 0.596847E-12

O.180000E-O1 0.3_0841E-12

C.190000E-OI -0.131103E-13

0.200000E-Of -O.37gOTBE-[2

0.210000E-OI -0.Bb5308E-12

0.220000E-01 -0.798026E-12

O.230000E-O1 -0.740688E-12

0.240000E-01 -0.5037BOE-12

C.250000E-01 -O.[42ZB2E-_2

0.2_COCOE-01 0.257480E-12

0.270000E-01 0.599734E-12

C.280000E-0! 0.802636E-12

0.2gOOOOE-Ol 0.818_99E-[2

O.300000E-O1 0.043551E-12

C.310000E-OI 0.320980E-12

0.320000E-0I -0.729416E-I_

0.330000E-01 -0.4_6199E-12

0.340000E-01 -0.713342E-12

0.350000E-01 -O.815282E-12

0.3eOOOOE-OI -0.732242E-12

0.370000h-0i -0.487110E-12

0.380000E-01 -0. I38792E-12

C.390000E-01 O.23242CE-12

C.400000E-01 0.538023E-12

0.410000E-Of 0.725201E-12

0.420000E-01 0.760966E-12

0.430000E-01 O.636995E-12

-0.

Oo

--0,

--0,

--0,

-Co

--0,

--0.

O.

O.

O.

O.

C.

O.

--0,

--C,

--0,

--C,

--0,

--0,

O.

O.

C.

O.

O.

O.

O.

-C.

-0.

-0,

--C.

-C,

O.
O.

C.

O.

O.

O.

O.

-C.

--0,

--C,

--0.

--0,

-0.

0.93277_E--05

O. 77371QF-04

0.145131E-93

O. ! 7q6!"_-0_

0.15120L-F-03

0. 556450t -04

-0._77513[-04

-0.237qc_4E-03

-0.34_3 _5[-03

-0. 377374E-03

-0. _04992F-03

-0 • 159 ;D75[--t)'_

O.d!_SgOE-04

O. 303648F-03

0 ,_65484h-O_

0.5 Ig75_[-0"_

0.4452_6F-03

-0. 9785;I_E- )5

-0. ?R2R22E-O_

-0.496372E-07

-O._gs?9_ E-03

-0.55761Z_-03

-0._75873F-03

-0.I06_ 5L-E- 03

0.192100E-07

0. 44744q[-09

O. 598_30E-0_

0. 61044! E-,03

0 ._qOl4OE-OB

0.239476F-03

-0.544203E-04

-0. 332900E-03

-0.5322!0F-0 _

-0 .OO_2_SE-9_

-0.5_631, IF-03

-0.363423E-0 _

-0.103550E- 03

O. 1 7340_E-07

O. 40!40_E-03

0.5alO5TE-03

0._o7741E-0_

0.475249E-03
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KESPONS_S SUMMED UP WITH
AT LUCATIGN OF SEGMENT

O.
O.IO0000E-02

0.200000E-02

C.300000E-02

0.400000E-02

0.500000E-02

0.600000E-02

G.700000E-02

0.800000E-02

0.900000E-02

0.100000E-01

O.IIO000E-OI

O.120000E-OI
O.130000E-OI

C.140000E-01

O.I50000E-OI

O.160000E-OI

0.170000E-01

O.I80000E-OI

O.I_O000E-O]
0.200000E-01
O.210000E-01
0.220000E-01

C.230000E-01
0.240000E-01

0.250000E-01

0.260000E-01

0.270000L-01

0.280000E-01

0.290000E-01

0.300000E-OI

0.310000E-01

0.320000E-01

0.330000E-01
0.340000E-01
0.350000E-01
0.360000E-01
0.370000E-01
0.380000E-01
0.390000E-01
0.400000E-Of

0.410000E-OI

0.420000E-01

0.430000E-0!

THE PREVIOUS MUDES

II AND THETA -0.

-0. O.

0.125024E-13 -0.

0. I03705E-12 -C.

O.195866E-12 -0.

0.240742E-12 -0.

0.202665E-12 -0.

0.745846E-13 -0.

-0.I17080E-12 C.

-0.318993E-12 O.

-0.466860E-12 C.

-0.50580gE-12 O.

-0.40_793E-12 0.

-0.197212E-12 O.

0.109720E-12 -0.

0.406991E-12 -C.

0.623907E-12 -C.

0.69O649E-12 -0.

0.Sgb847E-12 -C.

0.340841E-12 -0.

-O.131163E-13 C.
-0.379078E-12 C.
-0.665308E-12 0.

-0./98026E-12 O.

-0.74068BE-12 O.

-0.503730E-12 C.
-0.142282E-12 O.

0.257480E-12 -0.
0.599734E-I2 -C.

O,802636E-12 -0.

0.818199E-12 -C.

0.643551E-12 -0.

0.320980E-12 -0.

-0.729416E-I3 C.

-0.44blggE-12 O.

-0.713342E-12 C.

-0.815282E-12 C.

-0.732242E-12 O.

-0.487110E-12 C.
-0.138792E-12 O.

0.232420E-I2 -0.
0.538023E-12 -0.

0.725201E-12 -0.

0.700966E-12 -C.

0.636995E-12 -0.

-0.
0.932778F-05
0.7737tRF-04
0.146131F-03

O.ITQh!_E-03
0.151204E-0_
0.556460F-0_

-O.RT3513E-04
-0.237994E -!)_

-0. 348 _ 5E-03

-0. 377 374E-0_

-0.304gQ2E-03
-0. i 39675F-03
0.81_SQ9E-O_

0.30364_F-0%
0.4654_4{-0 _

0.51975_-0_
0.4452_E-0_

O.2542g_E-O _

-O.'_785H3E-05

-0.496372E-03
-0.Sg5_9]E-O_

-0.552612E-03

-0.375_73E-03
-0.I06154F-03

0.!92100E-03
0.44744CE-03

0.5g_g3Oe-O?
0.610_!F-03
0._80!_0F-07

O.23q47eE-03

-0.54420_E-04

-0.332_00E-0_

-0.53221GE-03
-0.5082_5E-9_
-0.5_63I]E-03

-O,3&342_E-O_

-0.I03550E-03

0.!7340_E-03
0.40!408E-97
0.541057E-9_
0.SbT741E-03
0.475249E-03
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FOR THE WAVE NUMBER 7

T

AT LUCATION OF SEGMENT 11 AND THETA
O. O.
O,[O0000E-02 0.297936E-13
0,200000E-02 0,801194E-13
0,300000t-02 -0.269433E-13
0.400000E-02 0.413366E-13

0.500000E-02 0,729738E-13
0.600000E-02 -O.bO5312E-13
0.700000E-02 -0,214976E-13
0.800000E-02 0.2gg451E-13
0,900000E-02 -O.TgI440E-13

O.lO0000f-Ol -0.313440E-13

O.llO000E-O1 0.530042E-13
O,120000E-O1 -0,_0579_E-13

O.130000b-Ol -0.64609_E-I_

O,140000E-OI 0,S68298E-13

O.150000E-Ol -0.127101E-13
C.160000E-Ol -0.151030E-13

O.170000E-OI O.b85108E-13
0.180000[-01 -O.3631b6E-13
0.190000[-01 -0.554864E-13

O,200000E-OI 0.470810E-13
0.2100OOE-Ol -0.345_15E-13

0.220000E-01 -0.5o9044E-13

0.230000E-01 O.blO355E-13

0.240000E-01 -0.40glOgE-14

0.250000E-01 -0.400094E-13

0.260000E-01 O.756957E-13

0.270000E-01 0.i07741E-13

0.280000[-01 -0.528339E-13
C.290000E-01 0.532703E-13

C.300000E-OI -0.46_013E-15

U.31OOOOE-OI -0.722789E-13
0.320000E-01 0.388660E-13

0,330000E-01 0.771530E-14
0.340000E-01 -O.bBO531E-13
0.350000E-01 U.4_2874E-13

C.3OOOOOE-O1 0.321275E-13
0.370000E-01 -0.550558E-13

0.380000E-01 0.43396BE-13
0.3gOOOOE-OI 0.396456E-13

C.40000OE-OI -0.771189E-13

O._IO000E-OI O.15UbO5E-13

0.420000£-01 0.611358E-13
C.43000DE-OI -0.721970E-13

-0.

-0.

-C,

O.

--C,

--0.

O.
C.

--0,

O.
O.

--Co

O.

O.

--0,

O.
C.

--0,

O.

C.

--0,

C.

O.

O.

O.
-C,

-C,

C.

"C,

O.

C.

--0,

--0,

C.

--0,

-C,

O.

--0,

-C,

O.

--0,

--C,

O.

Oo

0.422568[-05

0.I 13635[-04
-0, "_82142F-05
O, 5B6285F-05

O. 103500F-04
-0 . _ 5_525F-95
-0. 304gO5F-05

0.42471QE-05
-0.112251F-04

-0. 4445571--Q5

o. 752610h-Oh
-0.575545_-05

-0.9 16 _ 74F-06

O, 123152F-04

-0. ! .qO270E-05

-0.214209F-05

0 .g7] 702E-r) 5

-0.51508_E-OS
-0, l@697!F-OE

O .66775EF -0_

-0.489gOSE-r) 5

-0 ._070_b[-9 _

O. @6567g£-']5

-0, b _0247F-0_,
-0.567461E-95

0. I07%61[--04

0.152_11E-05

-0. 74935_F-05
O. T55542E-)5

-0. 058! ! Oh-,')v
-0. i02515_-3_-

0.55124_F-05

O. log42_E-05

-0 .q652! _.F-O_

0._2813(-_-05

0.455670_-05

-O.780qotF-OF
O.b15505E-05

0.s6230_ E-O_

-0. _.0937(_F-04

0.21360oE-05
,I._7!OOE-O_

-0. 102398E-04
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_ESPCNSESSUMMED UP WITH

AT LCCATION OF SEGMENT

O,
_.IOO000E-02

C,200000E-02

0.300000E-02

C.400000E-02

O.50000OE-02

C.bOOOOOE-02
C.700000E-02

0.800000E-02
C.900000E-02

0.100000E-Of

O.IIO000E-OI

0.120000E-01
C.130000E-OI

O.140000E-01

O.I50000E-OI

O.160000E-OI

O.170000E-OI

0.180000E-Of

O.IgOOOOk-Ol

0.200000E-01

0.210000E-01

0.220000E-01
0.23000OE-01

0.240000E-01

0.250000E-01

0.26000OE-01

0.270000E-0I

0.280000E-01

C.290000E-01

0.300000E-01

0.31000OE-OI

0.320000E-01

C.3BOOOOE-OI

0.340000E-01

0.350000E-GI

0.360000E-01

0.370000E-01

G.380000E-OI

C.390000E-01

0.400000E-Ol

0.410000E-OI

0.420000E-01

C.430000E-O1

THE PREVIOUS MODES

II AND THETA -0.

O. -0.

O.2_7106E-12 -0.

O.135517E-II -0.

0,137948E-II 0.
O,862897E-12 -C.

0,380282E-12 -C.
-0.322487E-12 O.
-0.130185E-II O.

-O.220627E-II -0.

-O.23869OE-II 0.

-0.14575OE-II 0.

-O.681997E-13 -C.

0. IO182BE-II C.
0.176112E-II O.

0.209425E-11 -C.

0.195912E-II O.

0.155218E-II O.

0.659437E-12 -0.
-0.654193E-12 O.

-0,151686E-II C.

-0.185853E-II -0.

-0.1230aTE-If O.
-0.212898E-II 0.

-0.II1689E-II -0.

O.IblbOOE-12 C.

O. 137791E-II O.

O. 248906E-II -C.
O. 288257E-ii -0.

0.221831E-II C.

0.837802E-12 -C.
-0.085051E-12 O.

-0.176393E-11 O.

-0.2B_297E-II -0,

-0.245724E-I[ -0.

-O.Ib1469E-II C.

-0.414237E-13 -0.
0.997425E-12 -0.

0.133834E-II O.

0.158366E-II -0.

0.143434E-II -C.

0.650088E-[2 0.

0.909030E-13 -0.

-O.136445E-12 -0.
-0.593298E-12 0.

O.

O.q B6246F-O_,

0.64856! E-O_

0.941 ?50E-O_

0.86141gE-03

-0.232964E-03
-O.]03BO6F-02

-0.!6552_F-O2
-0.175555E-02

-0.121 T34E-02

-0. 280qg6E-03

O.6RoooqE-03
O. 141 761E-02

0. _,779 _Tf,E-02

0.170735F-02
O. 124_92E-02
0.467_b4F-O?

-0.4_ ! 65_F-03

-0.12Pq_!E-02

-0.!6_6_5E-0_

-0.!82R_I[-02

-O.153800E-02
-0.7701c_! E-03

O. 21880_E-03

O.IIQ34_E-O?
O. !_70_,!E-02

0.202060E-07
O. 154"t 34E-02
0.631260E-03

-0.398635E-03
-0.121212F-0?

-0. I 0"_47E- r),2
-0. ! 60 823E-02

-0.I!1434E-02

-0. 343661E-03

O. 3370_,'_E- 05

O. 7_02_.F-03
O.104177E-OP

0 . 1066R7F-O?

O. 808989E-O?
0.473098E-03

0.12_I17E-0_

-0 .20970RE-03
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ECR Ihk WAVE NUMBER 8

r

AT LOCATIUN OF SEGMENT II AND THETA

O. -0.

C.100000E-02 -0.716053E-14

0.200000E-02 -0°670891E-I4

0,300000E-02 -0.181757E-14

0.400000E-02 -0.224992E-13
C.5OO000E-02 0°I03817E-13

0,600000E-02 -0.19433lE-13
C.700000_-02 0,16644IE-13

0°800000E-02 -0.291802E-14

0.900000£-02 o. g49797E-14
O.IO0000E-OI 0.I18258E-13

0.II0000_-01 -O.e35653E-14

C.120000E-OI 0.152706E-13

C.1300COE-OI -0.185979E-13

U.14OOOOE-OI 0.956942E-14

0.15U000£-01 -0.175442E-I3

U.I60000_-01 0.I519_0E-14

O.170UOOE-OI -0.337987E-14

O.IBOOOOE-OI -0.536966E-14
O.I_O000E-OI 0.138148E-13

0.2OO00OE-OI -0. I04376E-13
0.210000E-Of 0.211602E-13

0.220000_-01 -O.llO306E-IB

C.230000_-01 0.129564E-13
0.240000E-0_ -0°611737E-14

0.250000E-01 -0.435648E-14

O.200000E-OI 0.4B_OBqE-14

C.270000E-01 -0.174824E-13

0,280000E-01 O.L4246gE-IB

0.290000E-01 -0.174433E-13

O._O0000E-CI 0.147689E-13

O,310000k-Ol -0.606506E-14
0.320000E-01 0.497249E-I4

0.330000E-01 0.747332E-14

O,34UOOOE-CI -0.892660E-14

0.350000E-01 O.I_81b7E-I]

0.3t0000£-01 -0.I74146E-13

O. 370000E-Of O. 131 591E-13

O, 380000E-CI -0. 142875E-13
O. 390000E-01 O. 4_0927E-14

C ._O0000E-OI O. 198402E-14

C.410000E-OI -0.443072E-14

0.420000E-01 0.691151E-14
0.430000E-01 -0.794023E-14

-0.

O°

O.

C.

C.
O.

--0,,

O.

O.

--C.

--0.

O.

--0,,

C.

--C,,

O°

"C°

O°

C.

--0.

O.

O.

--0°

O.
O.

--(].

O.

-C.

O.

--0.

O.

--0.

--C.

O.

--0.

C.

--0.

O.

--0°

--0.

O,

--0,.

C.

-0.

-O.IO9097E-05

-0,I02131E-05

-0.276692E-06
-0.342510E-05

0°158042E-05

-0.295B34E-05

0.253376E-05
-0.4442165-06

0.!445_9E-05

0._80027E-05
-O.q67668E-06

0.232468E-05

-0.283|19E-05

0.145677F-05

-0. 267079E-05

O. _31377[-06

-0.514525E-06

-0.81743&E-0_

0.210306E-05

-O.158893F-05
0.322126E-05

-O.ITTO54F-05

0.197237E-05
-o.g31259E-06

-0.663195E-06

0.7322qEE-06

-0.266138E-05
0.216883E-05

-0.265544F-05
0.22482QE-05

-O.g23296E-06

O.756972E-06

0.113768E-05

-0.I_5_91E-05

0.225557F-05
-0,265106F-05

0. _00 _24E-05

-0.217592E-05
0.741259E-06

0.302031E-06

-0.6744qBE-06

0.I05215E-05
-0.I20876F-05
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RESPUNSES SUMME0 UP WITH [HE PREVIOUS MODES

AT LOCAT|C)N OF SEGMENT II AND THETA -O.

0. -O.

0.10OOOOE-02 0.265296E-12

0.20000OE-02 O.139653E-I!

0.300000E-02 0,136591E-11
C.400000E-02 0.959723E-12

C.500000E-02 0.354656E-12

0.6C0000E-02 -0.290475E-12

0.700000E-02 -0.130792E-II

0.800000E-02 -0.226630E-II

0.900000E-02 -0.235576E-II

O.IO0000E-OI -0.155016E-II

0.110000E-OI -0.32130gE-13

0.12000OE-OI 0, 994186E-12

O. 130000E-Of O. 175917E-II
0.140000E-01 0. 2158_8E-II

0.150000_-01 0.193019E-II

O.160000E-Ol 0.160804E-11

0.170000E-01 0,661157E-12
0.180000E-01 -0.676882E-12

0.1gOOOOE-01 -0°1_8538E-I!

0.200000E-0L -0._92863E-II

0.210000E-01 -0.220659E-Ii
0.220OOOE-01 -O.215538E-II

0.230000E-01 -O. I14785E-II

0.240000E-01 0.226316E-12

0.250000E-01 0.13055gE-II

0.2600COE-01 0.258800E-II

0.270000E-OI 0.283310E-11
0.2_0OOOE-01 0.225690E-11

0.29OO00E-O1 O.843425E-12

0.300000E-Of -0.714869E-12

0.310000E-OI -0.174243E-II

0.320000E-01 -0.236335E-II

0.330000E-01 -0.247826E-II

C.340000E-01 -0.157436E-II

0.350000E-01 -0.115915E-12
0.3e0OOOE-0I 0.IO874OE-II

0.370000E-01 0.127115E-II

0.380000E-01 O.Ib4208E-ll

0.390000E-01 O.1424ggE-ll
C.400000E-OI 0.627075E-12

0.41000OE-OI 0.114650E-12

0.420000E-01 -0.149?37E-12
C.4_O000E-OI -O.599976E-12

OQ

C.

0.

0.

0,
--0.

O.

--0°

Oº
--0o

--0,.

C.

--C.

0.

--0o

C.

-C.

C.

0.
--0q,

C.

--C'.

0.

--0.,

C.

C.

-Co

C,
-C,,

C.

--0,.

0.

--Oe

0,

--0.

C.

--Co

0.

--Co

--0,,

0,

-0°

C.

-0.

O.g71OSPF-04
0.65451hF-03

O. 93Q4?PE-O_

O. q 75 _0_ -03

0.452!_E-03

-0.227206F-0_
-O.]03qz2F-02

-0.16679NF-02

-()_17_2_-02
-0. 1229_iE-32

-0.77_787E-03
0.677177F-0_
O. 141_05F-02
0.!7_1_-02

0_170_36E-02

0.467_44E-03

-0.4643_$F-0_
-0.122564E-{)2

-0.169_88[-02
-0,t82640[-02
-0.1540£C_-92

0.228203E-0_
0.117352E-O2

0.18840_E-32
0.201447E-07
0.155201E-02

0._32784_-03

-0.4033SBF-O_
-O.1208A4E-O?

-0.1oI]20F-02

-0.1IOQTEE-02

-3.354015E-0_
0._494_4_-03

O.773Rg3F-03
0.}04_83E-02
0.106562E-02
O._05g35E-O?

0.475950E-03

0.12694]E-93

-O. 301 4?4F-03
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SAMPLE RUN FOR INSTRUMENT UN1T STRUCTURE
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FOM II-I WAVE NUMBER 4

T

AT LOCATION OF SEGMENI 12 AND THETA

O, O,

O. IO0000E-02 -0,23BI I _E-C?

0.200000E-02 -0, 1934"(9E-C6

O. _000001::-02 -0. 350350E-C6
0,400000V-02 -0, 395473E-C6

C. 5C0000E-02 -0,266/?OE-C6
O, _O0000E-02 O, 267257E-C7

O. ?O0000F-02 O, 400990E-06
O. 800000E-02 O, 7231 57E-CO

O. SO0000E-02 O. 858970E-C6
C.IO0000E-OI 0,724684E-C6

O. ] IOOCOE-CI O. 324334E-06
O, 120000E-OI -0, 2421 52E-00

O. 130000E-01 -0, 804727E-00

O. !40000E-01 -0, 11758BE-C5
O. 150000E-01 -0, 12134_.E-05

O. IeOOCOE-01 -0,872552E-C6

O. 170000_-01 -0. 228312E-C_

O. I_O000E-OI O. 539841E-06
C. 190000E-01 O. 119935E-65

C. 200000E-Of O. 153611E-05
O, 2 lO000E-Ol O, 142413E-05

O. 220000E-01 O. 870097E-OO
O. 230000E-01 O. 21274GE-C7
O. 2400'JOE-OI -0. 879093E-C6
C. 250000E-01 -0. 155752E-C5
O. 2_,OOCOb-O1 -0. 179682E-C5
O. 270000E-01 -0. I50507E-05
O. 280000E-01 -0. 748996E-06
C. 290000_-01 O. 2605 7_E-C6
C. 3000GOE-O1 O. 122809E-05
O. 310000E-CI O, 186062E-05
0.520000E-01 O, 195716E-05

O, 330000E-01 O, 147240E-05

0,340000_-01 0,534963E-06

C. 350000E-01 -0. 586851E-C6

O, 3eO000E-CI -0, 156241E-05

O. 370000F-01 -0. 209b87E-05
C. 380000E-01 -0. 202064E-05
0,390000E-01 -0, I34BIOE-C5

C. 400000E-Of -0,242611E-06
O. 4 IO000E-OI O. 938448E-06
0 , 420000E-01 O, 184289E-05

O, 430000E-01 O, 220815E-C5

-0,

--0,,

C.

0.,

O,

¢.

O.

-Ce

-0.

-Co

-Oo

-C.

O.

O.

C.

Co

C.

O,

--0.

-0,,

--Co

-C°

-0°

-0°

C).
O,

C.

O.
O,

--0.

-C°

-C°

-0.

-0°

-0°

O,

C.

O.

O,

O,
O,

-C.

-0o

-0°

-0.

0.621056E-05
0. 504640F-04

0.013797F-04

O, I0314_E-03

0.695ROIE-04
-0.6c)70 70E-OE

-0. I045HF_E-03
-0.1 R8617E-03
-0. 224040E-03
-0.189015F-03
-C).,345_41E-04

O.6315qlE-04
O. 209P,92E-03
O. _0_,69cE-0_
0.316409E-0_

0.?77583E-0_
O. 5o5494F-']4

-0° 140_04E-03
-0. 312R?oE-O _
-0.400654F-C_

-0.371448E-03

-0.2270qQE-O_
-0.554876E-05
O.PPg2_gE-o _

0.40023qE-0 _

0.46R_=3E-03

O. 3925_0E-0_

O. 105356E-03
-0 • 67c_654E-OA

-0. B20_ 16E-O_

-0.4_5 ? Q6E-O 3
-0.5!0474E-03

-0. 384039F-03
-0.139531E-03
0.1530o5E-03

0.407515E-0_
0.5,,6Cl 3E-O?
O.S27032E-03

O. 3503145-0_
0.632789E-04

-0 .244770E-07

-0 .480670E-0
-O.575g_BE-03
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RESPCNSES SUMMED UP WITH THE PREVICUS MODES

AT LOCATION OF SEGMENT 12 AND THETA -0.
O. 0. -0.

O. I00000E-02 -0. 238113E-C7 O.

O. 200000E-02 -0, 19347qE-C6 O.

0.300000E-02 -0. 350350E-Oh O.
G.400000_-02 -0,395473E-CE C.

O. 500000E-02 -0, 266770E-06 O.

C.600000E-02 O. 267257E-C? -0.

O. 700000E-02 O, 400900E-06 -0.

C. 800000E-02 O. 723I 57E-06 -0,

C.900000E-O2 0.858970E-C_ -C.

O. IO0000E-O] O. ?24684E- 06 -0.

O. 110000E-01 0, 324334E-06 -0.

O. 120000E-01 -0. 2421 52E-C6 O,
C. 130000E-01 -0. 804727E-06 C.

O. 140000E-01 -0, I175BSE-05 C.

O. 150000E-01 -0. 121346E-05 O.
O. 160000E-01 -0. 872552E-C6 O.

O. I 70000E-Of -0. 228312E-C6 O,
O. 180000E-01 0. 539841E-06 -C.

O. I£O000E-OI O. 119935E-05 -0,
O. 200000E-01 O. 153611E-05 -0.

O. 2 I0000E-01 0. 142413E-05 -0.

O. 220000E-01 O. 870697E-06 -0.

C. 230000E-01 0.212740E-07 -C,

O. 240000E-01 -0. 879093E-06 C.
0. 250000E-0! -0.155752E-05 O.
O. 200000E-01 -0. 179682E-C5 O.

O. 270000E-Of -0. 150507E-05 O.

C. 280000E-01 -O. 748906E-06 C.

O. 2£0000E-01 O. 26057gE-06 -C.
O. 300000E-Ol O. 12280gE-05 -0.
0. 310000E-01 O. 186062E-05 -0.

O. 320000E-01 O, 195716E-05 -0.

O. 330000_-01 O, 147240E-05 -0.

0. 340000E-01 O. 534963E-06 -0.

O. 350000E-01 -0. 586851E-06 0.

O. 360000E-01 -0. 156241E-05 O.

O. 370000E-01 -0. 209687E-C5 O.

C. 380000E-01 -0. 202064E-05 O.

0. 390000E-01 -0.13_310E-05 C.

O. 400000E-01 -0, 242611 E-O0 O.

0.410000E-01 O. g38448E-06 -0.

0.420000E-01 0. 184289E-05 -0.

C,_,30000E-01 0. 220815E-C5 -0.

-0.
O.b21056F-05
O. 504t_40E-04
0._ ! 37c_7[ -04
0. I0 _ ] 49E-0 _

0.695°0] _--04

-0. _ c_7o 7()E-05
-0.104S_]F_F-93
-0.18_(-! 7F-O?

-0. 224340 E-O "_

-0.1890 ! 5[-0 B

-0. _45o41 E-Q4

0.631 =glE-O _,
O. 209Q92F-9_

0. 306Aq_E-Ql

0._I040OF-03
0.2275_ 3[-<)3
0. 5954q_,E-04

-0.140 Qr)4E- OT_

-0. Bl2Q 20[-0!

-0.400654F-03

-0 • _ 7144_F-0 _

-O. 2270_oE-]3

-0. 554_'P('E-05

0.2292_gE-o_

0.40623_E-0_

0.46865_-0_
O. 3QP560F-03

O.IQ5356F-O _

-0.47955L, E-04
-0. 320_,16F-03

n,9-0.485_ 6F-O?
-0.5 10474[-03
-0. 3840 ?,cE-O 3
-0.139531E-03

0.153065E-03
0.407515F-0_
0.546913F-07

0.52"tO 32E-03
0.3503!_E-07

0.6_278qE-04

-0. 2447701--03

-0.4BO670F-03

-0.57593_E-03
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EOR THE _AVE NUMBER 2

T

AT LCCaTION CF SEGMENT

O.
0.10000OF-02
C.200000E-02
0.300000E-02
0.400000E-02
0.500000E-02
O,_O000OE-02
C.7OO000E-02
C.80000OE-02
C.gOOOOOE-02
O.IOOOOOE-OI
O.IIO00OL-0I
O.120000F-Ol
C.130000E-OI

0.140000E-01
0.!5OOOOE-01
O.I(000OE-OI
0.17OOOOE-Ol
C.I_OO00E-O!
0.1900OOE-OI
0.20000OE-OI
O.210000E-OI
0,22000OE-01
C.23000OE-01

O.24000OE-01
O.2SOOOOE-OI
0.2tOOOOE-01

C.27GOOOE-OI
C.260000E-01
0.290000E-01
O.3OO000E-CI
0.310000E-OI

0.32000OE-01
0.330000E-01
0.340000E-01
0.350000E-CI

0.3000005-01
0.3?OOOOE-OI
0.380000E-0!
0.390000E-01
C.400000E-OI

0.410000E-01

0.420000E-0l
C.430UOOE-OI

U

12 AND THETA

-0.18324gE-C6
-0.156563E-05

-0.316519E-05

-0.442197E-05

-0.484_92E-05

-0.418453E-C5
-0.248088E-C5
-0.545066E-07

0.254975E-C5
0.4BO]O3E-05
O.e23920E-C5
0.661542E-C5

0.594867E-05

0.448960E-05
0.263607E-05

0.814790E-06
-0.633362E-06

-0.153239E-05

-0.189496E-05

-0.188893E-05

-0.176126E-05

-0.174561E-05
-0.198253E-05

-0.24756IE-05

-0. 309436E-05
-0. 361 gg?E-C5

-0.381740E-C5

-0. 351089E-C5

-0.264007E-05
-0. 128138E-05

O. 369400E-C6

O. 204640E-C5
0.347898E-05
0.445420E-05
0.486004E-05
0._69958E-05

0.407547E-05
0.315200E-05
0.211782E-05
O. IITgg8E-05
0.2414giE-Oo

-0.721480E-C6

-0.I62457E-05

-0.

Oo

O.
0.
0.
C.
O.
O.
0.
0.

--C,

--O,

--Oe

--0o

--0,

--C,

--0,

--Oo

0.
C.
C.
O.
O,
O.
0,

0.
O.
O,

O.
O.
C.
0.

--Oe

--0,

--Oe

--C,

--0,

--0.

--Oe

--Co

--C.

--0.

C.
0.

Oe

0.2024691":-04
O. 172g_,4E-05
O. 349716E-05
0.4RqSTSF-05
0.5355:)PE-0 _,
0.4o2 _,4] E=r)5
O. 274] C)_E-']5
0.712"22[--07

-0.2_1717F-05
-0. 5306 t'_E-05
-O.6a) _SRF-05
-0.7 30o2f, F-)£
-O,_5725PF-gS

-O.496048E-95

-0.291255E-05
-0.900254F-06

O.er_97glE-O6

0.!69311[-0_

O._OqB71F-05
O. 20R't()4E-9 =
O. I _45ggE-05

O.Ig2870E-')S

0.21gO46E-05

0.27_q25F-O =
0,34!8_]E-)5

O. 399q64E-O r,

0.42177_E-05

O, _BTql. 2F-05
0,_9] hq6F-05

0.14'I_77E-05
-0.408144F-06

-0.226]0_F-05
-0. _843_5E-05
-0.492 ! 37E-05
-0.536Q77E-95

-0.519248E-05
-0.4507_1F-9_
-0. 348259F-05
-0.2 _3qg4E-05
-O. t _,0374E-05
-0. 2658 iq F-36

0.7q7151 E-Oh

O. 1794-)6E-05
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RESPCNSES SUMMED UP WITH

AT LOCATION UF SEGMENT

O.
C.IO0000E-02

0.200000E-02

0.30000OE-02

O.400000E-02

0.500000E-02
C.60000OE-02

0.700000E-02

O.800000E-02

0.900000E-O2

C.IO0000E-OI

0.IIO00OE-01

0.12000OE-Ol

O.130000E-O!
O.140000E-OI

0.150000E-01

O.I_O000E-OI

O.I?O000E-OI
O.I80000E-OI

0.1gOOOOE-01

O.200000E-OI
0.2100GOE-OI

0.220000E-C1
0.2_0000E-01
0.240000E-01
0.250000E-01
C.260000E-OI
0.270000E-01

0.280000E-01

0.290000E-01

0.300000E-Of
0.310000E-01
0.3200UOE-Cl

0.930000E-01

0.340000E-01

0.350000E-01

C.360000E-0|

0. _70000E-Cl

O. 380000E-01

O. 390000E-01

C.400000E-O1
CoalO000E-OI
0.420000E-01

0.430000E-01

THE PREVIOUS MODES

12 AND THETA -O.
--Oo

-0.415181E-05

-0.322999E-04
-0.317425E-04

-O.298135E-05

O.1877BOE-04
O.963398E-05

-0.120270E-04

-0.135489E-04
0. I00376E-04

0.32072_E-C4

0.282822E-04

0.663380E-05
-0.49226gE-05
0.640699E-05

0.230399E-C4

0.217552E-04

0.457778E-05
-O.742641E-O5

-O. I25831E-05

0.131694E-C4
0.153612E-04
0.I03850E-05

-0.134434E-04

-0.129886E-04

-O,199843E-05

0.281475E-C5
-0.504779E-05
-0.154600E-04
-0.155218E-04
-O.kgT434E-05

0.303650E-05
-0.849160E-06
-0. I03444E-04

-0.131029E-04

-0,679363E-05

-0. 584448E-06

-0. 267319E-05
-0° 111832E-04
-0. 60086gE-05
-0.O14722E-05
-0.595933E-05
-O°b30696E-05
-0.692474E-05

Oa

O.

0.

O.

O.

O.

O.

C.

0.

--0,,

--0,

--0,

--C,

--0,,

--0,

--0,,

--0,

C.
0.

C.

0.
0.

0.

O.

0.

0.

0.

0.

0.

O.

0.

--0,

-C,

-0,,

-0,,

-0,,

-0,,

-C,,

-0,

-0,

-0,

-0,,

C.

0.

_o

0.6tllO2F-04
0.454978E-0_
0.5485!8E-0_
0.311864E-0_
0._21008E-0_

-0.4264_5_-04

-O.[Q4055E-O&
-O.l&gSalE-03
-0.42715QE-03
-O,52ROEGF-O_
-0.262h17E-03

0.5225o0E-0_
0.46_BO5E-O_
0.]991_7E-0_

-0.597QOqE-O&
-O.?27!Q]E-09
-O.385_q£F-O_
-0.604851E-03
-0.725_34E-93
-0.545714E-0_
-0.11970_E-93

0.2oO_qOF-O_
0.480054E-03

O,407W81E-] _

O,Z?7362E-05

0.o9235!F-04
-O.35R3&_F-O&

-0.239_Q2E-03

-0,4_67_F-0_

-0.44g520F-93
-O._qOBE_[-O_

0.750680E-05

0.227525E-03
0.31236gE-03
0.34020&E-03
0.3848!!F-03
0.4325_3F-0_
0.28_047E-93
0.147601E-03
O.I84gI3E-04

-O.q35695E-O_

-O.17573_E-O_
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NATURAL FREQUENCY AND MODES OF MASS ATTACHED CYLINDRICAL SHELL
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Zl," If) .4
"Z. IN " hi

0. ", ql/t X I,
(21/) 4[ N •
G.K • ,.q N
bJl- .J N
•-o-i Z X Q,

L ,. I- X X
I_=D o..o IN 0_)
0._ ]B , ",_ e.
bJ M )< ifi
"bd .J 4t • q'_

Z_ bJ li_ .,o m
,,I-- Z I: O bJ .

I_:U U_ 0 2: .-. e, =r
xbJ " I; 8[ bJ ar ,,4
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OEFLFCTI[IN_ flP CYLINDRICAL

A LFNGTH
O,lqSO_F 02 0.53400E

INPUT N, K, OMFGA

6 l 0.4615BE 03

1 n.66553F O_

tP 1 0.11487E 04
I0 _ n.13qSOF 04

I_ _ C.15762F 04

I _ _ h.lq_qTF 04

17 1 n.27aS@F 04

17 _ O.P4127F 04
_ e.255q4F 04

I n _ O,S7_glE 04

IP _ O._Q76QE 04

1 o 5 n.32320P 04

SHFLL WITH WASS ATTACHED

H RHn Xt

02 O.SnOOOF-OI 0.25910E-0_ O.l_700F Ol

7 1 0.47393E 03 5 l O.54q3qF 03

4 1 0.7R?$3E 03 lO 1 O._OhRSE 03

3 I 0.13065F 04 13 I 0.]3456F 04

12 3 O.14_6E 04 g 3 0.14042F 04

8 _ O.ITOlSF 04 L4 _ 0.17414F 04

16 l O.20_4PF 04 ? 3 0.20463F 04

13 5 O.P_O_F 04 14 5 O._301E 04

15 S 0.2419qE 04 II 5 0.2409q_ 04

16 5 0.25_3_F 04 1R I 0.75734F 04

17 5 O.P7S_lE 04 19 l 0.?_66_F 04

9 S O._08&4F 06 20 l O._IT6PF 04

14 7 D._26_QF 04 16 T 0.32646F 04

17 7 0.33616F 04

O.

THI.

1

It I

II 3

14 I

15 l

16 3

12 s

7 I

lq 3

15 7

MASS

0.?5900_-0P

O._SO2qF _

O.g6q?sF OB

O,13q75F 04

O, ISSgOF n4

0.17,R6_ n4

O. PI44R_ 04

h,235RqF 04

n.?5_lsF n4

q.p9_70_ 04

g.32)90_ 04

0.37727F 04

NMnOF

5q

• _ FIGPN_ATPT_ _

ROW N(!. I

0.111P_E 01 0. I1877F O0

q.llRTTF 00 0,11_77c CO

-9.1lqTTF O0 -O. II_TE 09

0.II_77_ no O. II_T6_ Oh

-_.llqVTC nO 0.I|_76_ Oh

_.II_7_ _ O_ O.ll_?_F O0

-O.IIR77F nO -0.11_7_ O0

_qw N_. ?

_.11_4F _e O.106_IF 01

n. I13_4_ O0 0. I]354_ CO

-O.I!3StF Or -0.11353E 00

_.II_5_ n_ 0.11353F CO

-7.11_F nr n. II353F O0

n.ll_r nO 0. II_53 _ 09

-n.ll _r no -_.1135_ O0

o_W s,C.

O.BP7_F-Ol O.QPTSSE-OI

O,RPT=CP-91 O.R27SSF-OI

-q.P_75_c-CI -O.B27S5F-31

9.P)?_F-OI 0. Rp754_-_I

-'_._P7c_F-Ql O._P754F-OI

O._97=4F-Ol O.8PT5_-OI

-O.P?TS_F-OI -O.R2753E-OI

PQW K_N. 4

n.P_6_qF-Ol 0.B4635_-01

_.n46_F-01 0._4635F-_I

0.946=K=-0l 0._4A_4_-0_

0.P46_4c-°I 0.846_@E-01

-0._46_4P-01 -0.8463_E-01

ROW N_.

O.SqOEo_-Ol 0.SROSQE-OI

O.SqO=e_-Ol 0.5_059E-01

-O.SaOSOE-nl -0.5_059_-0!

O._O_F-Ol 0.5BOSOE-OI

-O._ROSOE-_I 0.580_9E-01

O._qOSq_-nl 0.580_9_-01

-_.SRD_OF-OI -0.5805BE-01

O.llRTVc nO O.IIq77F O0 0.1 lq?TF 00 n, llq?7P 00 _.11_77_ Off q. tlqv7P cO

O.llq7?F n) -O.llq77E O0 -O.II_77F nO -O.IlPZT_ 00 -_.II_77 c _0 o.11_v7= _0

-O.llq7TF O0 0. IIa77_ OO -O.llATTF On n. tlq?7_ O0 -Q.IIRV7F nO -n.lla?VF O0

O. ll_7_r 00 O. IlRV6F 00 -O.lIqTTE n0 0.II_?_ nO _.llR76_ On n.ll_?TF O0

0.IIq77_ 00 -0. II_77F O0 O.IIM7bE sO O. II076F OO _.11qT7 c n 0 -n.11_vTm O0

0.I1877F O0 -O. ll_76F 00 O,ltq76r 00 -_.1t_76= On -9.tta76c on -O. llq?T= O0

O. II_54F O0 0.11_54F 00 q.ll3S4r nn 0.11_$4 c qq 3.11_4r n_ 3.11_54_ _n

0.11_4 r 09 -O.IIBSBE O0 -O.llBS_= P0 -q.11_53 _ _O -9.11_5_ _o _.lt_Sa= en
-0.II_53F O0 0. I1354E O0 -0.11353F OC O.II?S4_ no -_.11_5_c On -O.II_SBF on

n.l|35_F CO 0. I1353F 00 -0.I13S3F OO n.ll_S3c Oh _.II_P 0 e n.ll154_ On

0.11354F nO -0.11_53F 00 O.lI351F on O. ll_5_c OO _.11_=4_ on -O.II_5_F on

0.I1354F o0 -0.11353F O0 O.llX5_ O0 -O. II_S_F OO -n.tl_c on -_.11353= nO

0.7986_E no 0.82755E-01 O.R?7_5_-OI 0._7755E-01 ?._?7S_r-Ql n.q_TR_F-OI

O.RPTSSF-OI -0.82755E-0[ -0.877_5F-01 -O.q_TSSP-OI -O._PTSSC-Ol O.n?v_c-Ol

-0.Q2755F-01 0.82755E-01 -n,q_7_F-Ol O._7_F-Ol -9._27_SP-OI -o._?75_-nl

0._7754F-01 O.R2754E-OI -0._?7_5F-01 O._TS6F-OI 0._7954F-01 n._STSSc-nl

O._?75_F-Ol -O.RpTSSE-Ol 0._77_4_-01 O.Q_7S4E-Ol O._?7SSP-nl -O.q?vs_=-nl

0.B27_5c-01 -0._2753E-01 O.R2754F-01 -0.q775_c-01 -n.*P?5_=-Ol -n._?vS_-el

.0._4635_-nl O.78q2?E O0 O.q463SF-ol O.R_a_5_-O1 n.°4_Bs=-nl q._635_-r

0._46_4_-01 0._46_4E-0| -0._4634_-AI O._4A34C-n| _.o_4c-o_ 0,_6_5c-01

0.046_5F-01 -0.Q4634E-01 O,q46_4E-OI O.Q4_B4_-nl ?.0463_F-01 -O.n_5_4E-nl

O._46_F-Ol -O.R4633E-OI 0._46_4F-01 -0._46_c-0! -O._46B_F-O_ -0.046_4=-0|

O.SROS_-nl 0.58050E-01 0.53008F O0 n.sqOSo_-nl n.=_O_gE-OI n.S_nSo_-Ol

0.SQOS9_-nl -0.5835qE-01 -O,5QO_qF-OI -O.SqOSg_-OI -O.sqn_o¢-nl O.SPO_O=-OI

-0.58059F-01 0,58059_-01 -0.SROSqF-OI O.SBOSo_-OI -n._qO5_-01 -n._POSo_-nl

0.58059E-01 0.58059E-01 -O.5_OBgF-Ol 0.5_05q_-01 0.5qnsn_-nl o. sa_S_-nl

0.580S_F-01 -0.58059E-01 O.5ROSgE-O1 0,5_0_0_-01 n. SROSOF-oI -O.sQOS_=-OI

0.SQOfiQ[-OI -0.58058E-01 0,5q0_9_-01 -0.5_05_-01 -Q,=QnSQF--nI -O._SO=-O I
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_OWNC.

?._O_R_-OI O._o2qS_-Ol

-n._)P_F-Ol O._O2qqF-Ol

n.3o2_-N1 O._oPq6F-O1

-O._ovR_F-O1 -0.3q?q_-O1

_IW _r_. 7

_._o_o4r-Ol 0._594F-01

-q._oso4C-Ol -0.3qs94F-Ol

n._sc4r-Ol 0.3o5g4c-01

-,1._qS_-n| -n.3Osq_F-01

n.?7_lTF-nl 0.27517F-01

n. PV_lTF-01 O.PT_[?_-O|

-m.P_lTF-Ol -0.27S|7_-01

n.27517F-nl 0.?7_17_-01

-o,P7_lTC-nl 0,27_17E-01

O.P751_F-OI 0.27517F-0l

-0.77_17c-0| -0,275[6_-0|

_.lOSCTr-Ol O. lqS_TF-Ol

n.[_IL6F On O.iO_qTF-_l

-q.lqSe7_-Ol -O,19507F-OI

O.l_O7C-Ol n.loSo7F-Ol

-q.lqSOTc-ol 0. IO_97F-01

g.lq_7_-Ol 0.195O7F-01

-_.lqSCVF-Ol -O.lOSq7E-Ol

).l!qTfl_-Ol n. I357PF-Ol

-_.1 _57_r-ml Q.l_578F-OI
7,1_57Q_-0I O.l_57q_-Ol

°OW _['. ! I

g.lapof, F-Ol O. laT_&F-Cl

-m.la?QL_-_l -0.I_-01

q.14?cf_-_l _.1429flE-01
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-0.4&444F-02

-0.464&&_-02

O.&6444F-O?

0.46444_-02

-0.4457_-02

0,44573F-02

0,44573E-02

0,41058F-01

-0,44_72F-02

-0.44S7?F-_2

O.&?6q_F-OP

0.57756F-Ol

0.676_4F-07

-O.&_68&F-02

0.60_16c-0_

-0.60816E-07

-0.60816F-0_

-0.60_16=-07

0.6081S_-02

-0.$5_38F-07

-O.SS_B_E-O_

-0.5_3_Sg-OP

0.55_37F-0_

-0.4gP_SF-O_

o.4g_SF-02

0.4g?_5_-02

0._2_-0_

-0.4qp_4_-02

0._8657=-07

-0.4B6%7_-_2

0.48657F-02

n.48657E-n2

0.48657_-02

-0.4q656E-O?

0._769_-9P

-0.476_=-02

0.476q_F-O_

0.476_P_-02

0.4769PF-09

-0.4v6_-07

0.46444=-02

-0.4644&F-02

S,4_4&&_-O ?

n.464&4F-O?

0.&6444=-0_

-0.46&4BE-O?

-0.44S7_=-07

-0.44573_-0_

-0.4%572E-02

-9.4457)F-n_

Q.44572_-07

-O.67685F-OP

D.6_6Q_g-09

-0.6_6_4r-n7

O.&n_16r-O?

9.s6q6?F-Ol

-0.60_16_-0_

-O.60_l_F-O?

O.6n_I_=-02

-o.ss_3_F-OP

O.SSB38_-02

-0.402_¢-02

-0.&_6S7=-02

-0.4q6_7_-02

O,&q6STF-O?

-O._6_6F-_P

-9.476o_E-C2

9.&76q2F-OP

_.&6444_-07

-9.46444F-OP

-0.46444_-0P

O,4&444E-02

-9.4644_=-02

-0.4&_73c-02

0,4457_c-02

O.&A57_F-O2

-0.&4577_-07

-0,44S73_-02

0,44_7P_-02

0.624qEF-n?

0.626MSF-O_

-0.6_4Q5_-0_

-O.&_ql6F-O?

-O.6_q16F-O?

n._Oq16=-02

-n._o_16_-O?

o.6n_l&_-o?

-n.s53_#_-09

_._OqO6F-O|

O.sS_-O2

-n.4q?_5_-02

n.4gT_F-OP

-O.4Q2BSF-OP

_.4_657F-02

n.486S7_-O?

-0.4_65_-07

-0.486_7E-07

-0.4_657F-07

_.476q_E-_P

_.47693_-09

-0.476q_C-0?

n.&76q_F-nP

-O.&76_F-nP

-O,476n_F-O_

0.464_4_-09

0.46444F-OP

O.46444E-O2

-O.&_&4&_-O_

-O.44ST?F-n?

-_.4_573E-0 _

0.4_573_-0_

-0.44573_-02

0.4_S73E-O_
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0.4425?9-0?

0.442_2E-02

-0.442_2F-02

0.442_1E-02

0.44251_-0P

0.44_5|F-02

-0.44251F-02

O.#IPq2F-Q2

0.41292E-02

-0.412_2F-02

n.4129?F-OP

_.412q2F-02

0.412q_E-02

-0.4|292E-02

0.3P027_-07

O.B?n27F-02

-O.B20?TE-O?

0.320_7E-02

0._2027F-02

0.32027F-02

-n.32027E-OP

-O._6_OF-O?

-0._630_-02

O._R630F-02

-0._630E-02

-_._630E-02

-m. B86]OE-e_

0.386_0E-02

0.3_4_6F-02

-O.304&AE-O?

0.36357F-01

-0.3_465_-02

O.B_20?E-O _

_.3q202E-02
-O,3q2O_E-02

O._g202E-OP

0.392_2_-02

0.3_202F-02

-O.3_202F-OP

-n.36||SF-02

0.3hllSE-02

-0.3_11_E-02

-0.36115F-02

0.3_I14E-0_

0.343_0_-02

0.34340_-02

-0.343_oF-n2

0.343_QF-_?

0.3_3_9E-02
_0._4_9F-02

0.44_2F-07

-0.44252F-02
0.44251F-0_

0._42_2F-0_

0.417_?F-O_

0.41292E-0_

-_.4|292F-02

0.4|2OPF-OP

O.&1292F-02

O.41292F-02

0.32027E-07

0.3202T_-02

-0._2027F-02

0.3P077[-07

0._2027_-02

0._2027F-02

-0.3R6_OF-02

-0.386_0F-02

0.3R6_OF-02

-0._630F-02

-0.3_63nF-e2

0.3Q446F-02

O._4&AF-OP

-O.3O&46F-O?

0._q4_6[-02

0.3_2_2=-02

0.3W202_-02

0._9202F-0_

O._&OO3F-Ot

O._o?OPF-02

-n._611_F-02

_0._6115E-O_

0.3611_F-02

-0.36115F-0_

-0._6|15E-0#

-0.3mllmF-02

0._4_0F-02

0.34_0F-0_

-0.343_0F-02

0.3433_E-0_

o.3_n_-o2

0.34340F-02

0.44252E-02

-0._4252E-07

0._4252E-02

0.44251F-02

-0.44P_2F-OP

-n.44251F-o?

0.41292F-O2

-0.412_2F-02

0.412m2E-02
0.412_2F-OP

-0.41292E-02

-0.4|292F-02

0.%2027_-02

-0.32027F-02

O.32027F-OP

0.32027E-02

-0._2027F-02
-0.32027F-02

-0._8630¢-02

n.3R&3OF-02
-0.386_OF-OP

-0.38630F-02

0.38630F-02

0.38_30E-02

o.3g446_-n2

-O. mg_46E-02

0.39446F-02

O._q445F-02

-0.39446_-02

-0,_@445_-0_

0.3g202F-O2

-0.3g202_-02

0._202F-07

0.39202E-02

-O._702E-OP

-0.3g_OPF-02

-O.36[ISF-Q_

0.36115_-02

-0.36115F-0_

-0.36115E-02

0._3255F-01
0.36tI6F-OP

0.343_0F-02

-0.34340E-02

O.B43_OF-O?

0._433gE-02

-0.34_40E-02

-0.3433gF-02

0.44252F-02

-0.442_2F-02

-0.66252E-02
-0.44252F-02

O._4251F-n2
0.4_25tF-02

0.412_2F-02

-q._12q2F-07

-0.4|2qTF-02

-O._1792f-n?

0.61_07F°07

0.4t?g2F-02

O.BPO77F-02

-0.3PO27F-02

-0.37027F-07

0.37027F-n2

0.32027F-02

0o_Q6_0_-02

o.386_OF-O2

O._q630F-02

-O.BB630F-O?

-0.386_0F-02

-O.BW4&6F-CP

-O._q446F-n2

-O.3Q446F-O2

O._q445F-02

O.Bq_&S_-O2

0.39202F-#_

-O.BOPO2F-02

0._9?02[-02

O.3_nPF-O?

-0.36115_-02

O._611SE-02

0.36115E-07

-0._6115F-02

-O._6115F-02

0.34340_-02

-O._3_OF-O_

-0.34_40F-02

-0._4_40F-02

O._I_BIF-nl

°0.4425P_-02

O.&4252F-O_

O.40ROq6-O|

O.&4_IF-02

-O.&_l_-O_

0.41?q_F-O?

-0.412_P_-07

O.41PQPF-O?

0.4|202_-07

O.41292F-02
-0.612_2E-0_

n._2077¢-07

-n._?q_7F-Op

0._2077_-02

0.32027_-07

-0.3?O_TF-np

-O.3q&BOF-02

-0.3Q6_0¢-_2

n.386_o_-o?

-_.B_44A_-Op

0,_94&5=--0_

-0._q445c-02

0.39202_-07

-O.3O?OPE-O?

O._9202F-q?

0.39202_-07

0.3020_-02

-0.3_2_E-02

-0._6]|5_-02

-0.3611_F-07

-0.3_IIS_-02

-0.36tt_=-O?

0.3_I14E-07

-O._6340E-OP

0.36160_-0_

0.343_OF-O_

0.44252_-02

-0.44252F-02

O.4_?_Ir-OP

O.aa2_2F-O2

-O.&42_l_-Op

0.4|?_P_-O?

-O.4|2o2F-n2

O.417_PF-n2

-O.&|PO2_-O2

m._?npT_-O 2

O._o6BO=-n?

-O,_n_Og-02

-q._o_46_-qP

-0.3o4_6_-0P

0.30445=-0?

-O._q445r-Op

n._o_OPF-O?

-0._O70P_-02

0.3o202_-02

-0._?02_-_?

-0._115¢-n2

O._611_F-OP

_.3AIISF-02

0.36||4¢-n2

O._4_40F-n2

-O,R4B_O=-02

-O._&_&nF-o?
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qOW NO. _

-0.3_?_IF-O?

0.34_tE-O?

_qw NO. _Q

-0._15_7F-07

-0.315O7F-02

-9.31_07F-0_

ROW NN. 40

O.29&T_F-02

O.?o?_pF-O?

O.?o_gqr-o?

-O.2oP_F-O?

0.202_F-02

_.2407PE-nl

-O.mO?PqF-O?

_.26enpC-n?

-O,?Goq_F-n7

O.2Aqe?_-oP

-O,26001F-n2

ROW N_. 48

0.7574eF-02

-0.P574_-02

O.P_74O=-Q_

-O.2_740F-OP

-0.?_74o_-0P

-0.240_5P-02

n.?_q6_r-02

-0oP4q_P-0P

0.240_5_-0?

_OW N_. 4_

O.24863F-02

n.26_m_-mP

-O.PAR_F-O?

q.24853F-e7

-0.240_F-02

O.24003F-02

0.34251F-0_

0.34751F-0_

-o.34251r-0_

O. B6?_IF-02

0.3425lF-07

-0._4250F-02

0.315_7F-_7
O.3ISq?E-O?

-0.316Q?E-02

0.315m7_-02

n.31Rq7F-O_

O.315_7E-07

-0.31597F-0_

-0.2q47R_-02

-0.2a_7_E-O2

O.?q_TBE-02

-0,2q477=-02

-0.29477E-07

-9.7_477E-92

O.2q477F-O_

0.SqSqBE-n?

0.?0209E-02

-n.?q2QRE-O?

o. SgP_BF-O?

-0,2o7_7F-02

O.?6q_2E-O?

-n.P_qglE-O?

O.26qglF-02

0.26_IF-02

D.25065E-OI

Q.2_7_QE-OP

O.P67GqE-O?

-0.257_qE-02

0.2_74gF-O?

0.2574qF-02

-O.PB7_gE-02

-0.2485_F-02

-0.24RSSF-02

0.24855E-02

-0.2_RB_E-02

-0.P485_-0_

0.24854E-07

0.2405_P-02

O.24853F-07

-0.24_53E-02

0.24_5_F-02

0.24853F-0_

0.24853F-O?

-0.2_53F-0_

0._4251F-02

0.34251E-0_

-0.34251F-02

Q.3425IF-O?

0.34251F-02

O.31sgTF-O_

0.315qTF-n?

-0.31507F-02

O.31597F-02

0.31507F-_2

0._I_q7_-02

-0.2047_F-02

0.20478E-02

-O.20477F-OP

-0,2047_F-02

-0,20478F-02

O.702qQF-02

0.2_E-02

O._o?QRF-O_

O.26qq?F-OZ

O.26gQpF-02

-O.?6qglF-02

n.p69qlE-02

O,26qWPF-O_

O.?69gSF-09

0.2_7&qF-02

0.257_qF-02

-O.?ST_qF-O?

0.2574_F-0_
O.?57&gF-O?

O.?B6g_F-Ol

-0.24055_-0_

-0.24855F-02

0.24_55F-02

-0.24854F-07

-0.24855F-0_

0.2_853F-_2

O.?&853F-q_

-0.24853[-02

0.24853E-02

0.2_853E-02

0.2485_F-0_

0.3_5[E-02

-0._251E-07

0.3k25[E-O?

0.3_>5lE-02

-0.34251E-02

-O°B_?50E-02

q.31SqTF-02

-0.315g7E-O?

O.31597F-02

0.31597F-0 _

-0,31507_--Q?

-0.315qTE-02

-0.Sg&78F-02

O.?q67RF-02

-0.29_78E-02

-0.29_77=-02

0,20478_-02

_.2gW77F-O_

0.292R8[-02

-0.2q288F-02

0.297RBF-02

0.sqzRSE-02

-O.29288F-02

-0.29287F-0_

0.26q02F-02

-0.26qqlE-02

0.26092E-02

0.26901E-02

-0.26qqlF-02

-O.?6_gIF-O2

0.25749F-02

-0.257wq[-02

0.257&9_-92

0.2574gF-02

-0,25749E-02

-0.25749E-0_

-0.2405_F-02

0.24_55F-07

-0.74855E-07

-0.2_85_E-02

0.24955F-0Z

0.22qlqF-Ol

0.?_853F-0?

-0.74053E-02

0.24853E-02

0.2_853E-02

-0.74853F-02

-0.26B58F-07

0.34_51E-02

-0.3_751_-02

-0.347S1_-0?

-0._4751E-07

0._25IF-02

0._425|_-02

0.31597F-02

-0.315qTE-O?

-O.31BqTF-02

-0.31597F-02

o._lSaTF-O?

-_.20_78F-02

n.pq47Mr-OP

O.2q_78F-n2

0.2q478_-n2

-0.2_477F-07

-0._9)8_F-02

O.2q2RRF-O?

0.?6qgsF-O2

-0.?6_qlF-n2

-0.26001E-0_

-0.26gqlF-O?

O.?6ggtF-O)

n.?S7&qF-n2

-O.?_7&qF-02

-0.2=740F-02
-n.?5?4qE-O?

0.2_74qE--07

0.2_T&WF-O_

0.74_55_-07

0.2_855E-0?

0.24855E-02

-0.24_54E-02

-0.74_54[-07

0.74853F-07

-0.74853P-0?

-0,24_53F-02

-0.24_53E-02

0.2_85_F-0_

0,34751F-07

0,31555F-01

0.315_7P-07

-q._l_q?F-02

0.315q7P-02

0.%1507F-07

0.31507_-0_

0.79478F-O?

-0.p94_¢-0?

-0.29_77p-0_
-0.Sq&77F-O>

-0.2q700_-07

0.7o_qqP-n?

--O._g?qT=-O?

o.?_qgpE-n_
-0.76o91_-_?

0.26qqlF-O?

0._6091=-0_

-O.?_qglF-02

0.75740F-07

-0.75740=-0?

O.?S74qF-q_

0.7574oF-07

O.?S7%qF-O?

-q.257&OF-n?

-O._&R55E-02

-0.76854F-07

0.?_54F-0?

o,748s3=-n_

0.3498|F-02

-0._42_[r-07

_,347_L=-07

0._47_|F-07

0._1507=-02

-_.31G_TF-O2

-O.%|KnVr-OP

O._OTF-n7

O.2oo,3_-nl

-9.-o47p[-07

9.70478_-07

O.Pq&7Rp-O_

-O.TOA77P-_

0.70&77_-_?

O.?_TP_F-n7

O.?o?q_F-OP

m. P60O?c-O_

-0._001=-07

m?_q_|=-m7

n.?_nqSP-n_

q._740=-07

_0._5740c-07

_.7_7&qF-m7

-0.2_74qr-07

O.P_S_Sr-O?

-9._&Q_3=-OP

-9,248_3F-02

n.3&7_lr-n7

O._I_OTF-O?

-_.%|591F-_?

-0.3|597r-07

-0.So&TgF-O_

-_.2o47_=-07

n.?q_7Pc-O?

n.7713_-01

n. Sn?a_r-Q?

-Q.?O?QQ_-O?

0.2o78_=-0_

--O.pC_8_C-O_

O.SFO_pr-_9

-O.969glP-n?

-n.?_ql=-O?

--_.7574W_-07

n.pBv_F-m?
-m.25740_-02

-0.7_740_-02

O.P&qR3F-O_

-n.?_Q_F-P?

-O.?_5_F-O?
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ROW N(I. 4_

0.24127F-02

-n.2412RF-OP

0o2&_7_-02

-0.2_27_-0_

_OW NO, 47

-0.24_Por-02

0.24_2o_-02

-0.2412OF-0)

n.24_or-n2

O.24_2gF-e2

RqW Nno 4_

-0.24P4_-02

-0.2&_4oF-0p

-0.24_gF-09

-_.742_-0_

0QP&_4CF--O7

_OW NC. 4q

-0.239C3F-02

-O.2_On_F-02

POW NO. 50

-0.22_r-_

0.24B_TF-02

-0._43_7E-02

-0._43_7E-02

0._432_E-02

-0.24_28E-02

-O._4_QE-02

0,_43_8F-0_

0.2424qE-D_

-0.2424qF-02

0.2424qF-02

-n.P_OO3E-02

-0.2_003E-0_

-n.2_nO3E-02

-0.2_00_F-02

O._3003F-n_

-0.22OS6F-02

0.22o_6_-02

-_.22q56_-OP

-O.P2W56F-O_

0.21150_-0!

-0.24_78E-0_

-0.2432QF-0_

-O,24_TF-OP

-0.2432QF-0_

-O.24328F-n?

-O,_43_OF-Q_

--0.24_2QF-0)

-0,24_qF-02

-0,24_qF-O_

-0,74249F-02

-0.2424_F-02

0.24_&0[-02

-0,2494_F-0_

-O,?4_4_F-Q2

-O._O0_F-O_

-0.2_003r-0_

-O.P_003F-02

-O.?_O0_F-¢?

-0.2_N_6F-02

-O.P2956E-O_

0.22956F-02

-O.22Q56F-O_

-O,22956F-o_

-0.24328F-02

O.P4327F-02

-0.2432_-02

-0.24_27_-02

0.2_327E-02

0.2_327E-OP

-O.P432g_-02

0.2432q_-02

-0o24329_-0_

-0.24328_-02

0.24_2qF-0_

n.24328_-o2

-0.2424q_-0_
0.24249_-02

-0,2424q_-02

-0,2_9F-0_

0.2424gF-02

-0.23003_-02

O.2_O0_E-O?

-0.2_003F-02

-0.2_003¢-02

0.2_003E-02

-0.22_56_-02

0.22_56_-07

-0.22956_-n?

-0.22956E-02

0.72956_-07

0._43_7F-02

OoP&32?F-02

0._4_27r-02

-0.?4_??_-02

-0._4_27_-n2

-0.24_29F-02

0,_4_29_-07

O.P432_F-02

0.24_P_-02

-0.2&_2_=-07

-0.2432_-02

-0._QE-Q2

0.24_4qF-0_

0.24_49F-O2

-0.24_49F-92

0.2_on3F-02

O._On_e-O2

-0.22Q56F-02

0._6_-02

0.22qS6F-02

0.2_q56F-02

-0.2_qs&F-O_

-O._2OS&E-O?

0.24_7P-02

-h.243)TF-OP

-0.2_7F-0_

-O.24_2n_-Op

0.24_2_F-0_

-0.24_0c-0_

-0.24_?_-07

O.243_f-n_

-o.2424q=-0_

o._&?4o_-op

-O.24P4q_-O_

-_,2424qF-_

-O._&P4q=-02

_.)4249_-o_

0.2_n9_-o_

-n.2_OO_F-n_

-0.2_003_-0_

O.P_nEAF-02

-O._S6F-02
-O.22g_G¢-92

-O,_?QR6=-O?

n,74_TTFoO_

-0.9%)4gr-n_

-n.P_OO3_-O_
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SqLUTIqN r-n_ FI_NMAT_IX ('IF _OFIY 50

'_rlnr E IGFNVALUF I I'FR AT IF)NS

I 0.146%21_7F Ol

? 0.o740410qF qh

Chillon 1 COLUWN ?

l O,lOnOm_O_ Ol O.IO000nOOF Ol

3 o._q_O_E O0 -O.q71OlOOTF O0

_.47_2340_ O0 -q._74652q_F-Ol

4 r.4_lOlTOq_ O0 -0.67748424P-0]

6 _.1_S_4_7_ O0 -0.1_472417r-01

q o.q_o74o74=-01 -0.7gP74047E-02

O,_7_nR4_-O1 -O.527&6073F-O?

lO _._qlqOq61=-Ol -0._3061_44F-0?

It O._f_OP-Ol -0.3q3o6o_1_-02

I 7 -_.301£o_5_F-01 O._64701q_-q_

I_ -_._la?VqF-Ol O._356q_4_r-07

|4 -n.346444_OF-Ol 0._0|47_-0_

15 -n._°_n_P_)F-Ol O.?q734552F-O_

16 O.?q_tPOOl_-nl -9.?52_?467F-O?

17 -_,?o_3_nO_F-Ol q,2_6P_657_-O?

Iq -c.)51C?I75E-01 O.?I_P_51o_-OP

1_ -O._qa_507F-Ol O,20605qIR_-O_

20 O.?2725AO)F-OI -n,lo65_4R_-O?

21 -O.lOOP51_-Ol 0.16313164F-07

22 0.17306_1q_-01 -0.I_0_q7_-02

23 -0.1637_709_-_| 0.[38_06_&_-0_

25 P,1_4_5077_-01 -0.114467)_F-07

?_ 0.I_6_S_7_-01 -0.I181_676_-07

27 r.l_6Fl_q_E-Ol -0.14476206_-0_

2Q 0.1_277757_-nI -O.141_9677F-O2

2 _ -n._6a4?OqF-02 0._0305144_-03

39 n. IS_n_I_F-O1 -0.1512_574F-_?

_I 0.1!7n_47=-01 -O.lOlOOl_qF-O_

_ o,qq4]_4_F-O_ -0,77101gq4_-09

_3 -r. IOTp_TV_E-O 1 O.92lg_SOIF-Q _

_4 O.lnTP43OOF-OI -O.91gq61R4_-O •

_5 0.III_4S_5_-01 -0,97227_3F-03

_6 -n.o_54_5SqF-02 O._397q637F-O_

37 n.q64o_PS_-02 -0.83424302_-03

_q O.g_FOAP3E-02 -0.79516@45F-03

30 O.l_q?m664=-Ol -O.|02_2lgqF-O?

40 -0.81609217F-O_ 0.700qI221F-O_

41 0.qn_?_457_-02 -O,fg33_O31F-03

&2 0.73q63042_-02 -0.63154771F-03

43 0,7?93R959_-02 -O.634766g_F-03

A4 -0.6_016_87_-02 O._RO3&q49F-O_

45 O.7_eP_A_qP-Op -O.60794_R6F-O_

46 -O.665£43&&F-02 OoB678[|4_F-O@

A7 -O.6R277qR_F-02 0.SgO773RSF-03

4q -0.6_33515q_-OP 0._6501677F-03

49 -0.6457_q_IF-O_ O.55RSl_72F-03

50 -n.627_2_42_-02 0.53515_56F-0_

EIGFNVFCTn_S

CnLHMN

q.P. _.P. 41TKFNS E.o. q.p.

14 0 _

60 l _ n n
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CHECK EIGENV&LUES AND E[GFNVFCTtlRS

Oot463213?E Ot 0o97404118F O0

COLU#N I COLUMN 2

I O.IO000000E Ol O. lO000000E Ol

2 Oo#58RZOTtE O0 -O. aTlOOe34F O0
3 0°4262235_F O0 -0°67464978E-01

O°431qIT13E O0 -0._7748056E-01

0.230507_5E O0 -0,25732264E-0!
6 O,135g348flF O0 -0.13472338E-01
T 0.135610_gE O0 -0.1333016#F-01

R O°85974979E-O1 -O.79273517E-02
9 0.5873984gE-01 -0.52745784E-02

10 0.381qgB63E-Ol -0.33061051E-07

It 0.40627333F-01 -0._53c)6767E-02
12 -O,3OlSR456F-OI 0.34641R35E-02
13 -0.38214281E-01 O._356qlqTF-O?

14 -0.34644443E-01 0.3014235gF-02
15 -0.32R93232E-O| 0.28734409F-02
16 0.2q44?O93E-Ol -0.2523229RF-02
17 -0.2q5350g_E-O! 0.256R6522F-O?
18 -0.251021_6F-0! 0.218833R8F-O?
tg -0,2394450gF-01 Oo2069_BO3E-02
20 0,22725flO3E-O1 -0,19658701F-02
21 -0,19025183E-01 0,16313066F-0?
22 0.17306820E-01 -0.14850294E-02

23 -O. t6375300E-01 0.13850569F-02
24 -0.14635257E-01 0,12244538E-02
25 0.1343507_E-01 -0.11446651E-07
26 OoI_656RTgF-OI -0.1181_598E-02
27 0.15621590E-01 -0.14476129F-02
28 0o1527775RE-01 -0.14169592E-02

29 -O.RO664216E-02 0.50304671E-03
30 0,1_0_814E-01 -O,151284qSF-02
31 0.1170694qE-01 -O,l_lqO128E-O?

32 0o89413851E-02 -0.77101562E-03
33 -O.I0728773E-OI O.g2195057F-O_

34 0,.10784301E-01 -O.gI?95630F-O_
35 0.11154526E-01 -O.gTZ267ggE-03

36 -0.9_54356_F-02 0.8_q78193F-03
37 0.964o5295E-02 -Oo8342382q_-03
38 0.9_36043_E-02 -O.7qSI6370F-O_
39 0.10823665E-01 -0o10232152F-02

-40 -0.8160922tF-02 OoTOO90RI2F-03
41 0.80926461E-02 -o.6g332_qOE-03
42 0.7396304bE-02 -0.6315439flE-03
• 3 0.72938961F-02 -0.63426283F-03
44 -0.68016097E-02 0.5803655gE-0_
45 0.70082632E-02 -O,6079395RF-03
46 -0,66554368E-02 0o5678080gF-03
47 -O,682779gOE-02 0.5_076956E-03

68 -0.66335163E-02 0.565_|3_8E'03
49 -O.645739q6E-02 0.55881156E-0_
50 -0,62752866E-02 0.53515533F-0_

COLUNN
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OEFLECT|ON$

FRFQ. IN CP$

AT THETA " O,

O.&OT31E O_

0.74635E 02
U

HOO_ NUMBER 1
O. O.
0.15_1368F O0 O.
0.304273_E O0 O.
0.4564103F O0 O.
0.6085470E O0 O,

0.7606838E O0 O.
O.q128205F O0 O.
O.1064957F 01 O.
0.1_17094E Ol O.
O.13692_lE Ol O.
0.1571367E O! -0.
0o1673506E Ol -0.
0.182_641F Ol -0.
0.1977778E 01 -0.
O.2129914F O1 -0.
0.2282051F 01 -0.
0.2434188F Ol -0.
0.2586325E O1 -0.
0.2738461E Ol -0.

* NODE NUNBER
O.
O. 1521368f O0
0.3042735F O0
0.4564103F O0
0.6085470E O0
0,7606838F O0

o.q128205F O0
O.1064957E 01

O.121TOO4E O1

O.136g231E Ol

0.1521_67E 01

0.1673504F Ol

0.1825641F Ol

0.1977778F Ol
0.21_gg14E Ol

0.228?051F Ol
0.24341RBE Ol

0.2586325E Ol

0.27_8461E 01

21_6827_-01

21_2365E-01

205qO60F-Ol

194130OE-01

1789512E-OI

160571_F-01

1365170E-01
I023243E-01

5562566F-02
1459937_-08
5562544E-02
1023243E-01

1365120E-01
1605713E-01

17_qS12E-01

1941310E-01

2059060E-01
2132365E-01

2156827E-01

2 *

O.ll 3161 6E-01

O. II 02895E-01

O. I01776@E-01

O. RT37139E-02

O. 663450c)E-02
0 . 39 T406 IF-02
O. 1 310564E-02

-0.4752302_-03

-0. 8043363F-03
-0. 2073886E-09

O. 8043355E-03
0.4752310F-03

-0.1310562F-02
-0. 397405qE-02

-0. 6634506E-02

-0.8737135E-02

-0. 1017760E-01

-0. I10289_E-01

-0. It31616E-O1

-0.
-0.

-0.,

O.

O.

O.

-Oe

-f),.

O.

O.
O.

-Oe

-Oe

O.

O.

O.
-0,.

-Oe

--Oe

Oe

O.

O°

--Oe

"Oe

--0.

O.
0,

"Oe

--Oe

O,
O.

-0,

--0.

-0.

O.
O.
O.

V

-0o
0.13060_8E O0
0.25R5745E O0
0.37q8555F O0
O.4938636F O0
0.6082210f O0

O.731q357F O0
0.858g744F O0
O.q605367E O0

O. IO00000F 01

O.q605347F O0
0.8589765E O0
O.7319359F O0
0.60822tl_ O0
O.4938637F on
O.3798556F O0
0.25R5746F q_
O. t30_OSgF n_
O. l16q375F-06

_e

-O. IOg6557E O0

-0.2171141E O0
-0.3186764F O0

-0.416_223F O0
-0.525_1_tF O0
-O.6611493F O0

-0.8162q74F O0
-O.g476qR_F O0

-O. IO00000F Ol
-O.q476gR?_ O0

-0.8162975F O0

-0.6611494F O0
-0.5253182F O0

-0.4165223F O0
-0.31_6764E O0

-0.217114_ O0

-O.IOqb55RF O0

-0.1007836E-06
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CERCUMFERENT|AL OEFLFCT[ONS AT X - 0.137000_ 01
THET& U V t4

MOOr NUMBER !
-0,3141_q3F Ol -O. 7887064E-06 -0.43_9693F-08 0.2674892E-01

-O.296TO60E Ot -0.6q23795E-06 O.4t_2535E-02 0.1792333E-0!
-0.279252TE O| 0.3222766f-06 0.562_50tE-02 -0.37307_qF-07
-0.26|7994f Ot 0.7047845E-06 0.2369230F-02 -0.3|98064E-01

-0.2443661f 01 0.1075790E-05 -0.4953857E-02 -0.4568009E-0!
-O.2268q28F 01 -0.6605414E-06 -O.qqB5683E-02 -0.138567[E-02
-0.2094395E O! -0.202889_E-05 -0.4_0009_E-02 0.65321|9_-0!
-0.1919862E Ol -O.144QISOE-O_ 0.1054190E-01 0._95974F-0|
-0.1745329E Ol 0.1100597F-05 O.192RIT6F-O1 -0.116738_F-03
-0.1570796S 01 0.3B67311E-05 0.7_R9414E-02 -0.1344260F O0
-O.1396263f O1 0.259q485E-05 -0.217_842E-01 -O.161019RE O0
-0.1221730E Ol -0.2997460E-05 -0.3610435F-01 0.2158372F-01
-0.1047197F Ol -0.682129qE-0_ -O.q_38764E-O? 0.274587_F O0

-0.8726645E O0 -0.4464778F-05 0.4606423F-01 0.2907929E O0
-0,6981315E O0 0.5478416E-05 0.7053747E-0| -0.6636030F-0|
-O._3_qB6E O0 0.133917qE-04 0.14855_9E-01 -0,SZ53qT7F O0

-0.34906_7E O0 0.|139171E-04 -O.R478165E-OI -0.5114q3_F O0
-0.1745328E O0 -0.612829BE-0_ -0.1235744E 00 0.2120690F O0

0.|639128E-06 -0.2_99005E-04 0.1652384E-06 O, IO00000E Ol

NODE NUNBER 2 *
-0.3141593E O1 -0.2320664F-04 -0.4qBO232E-07 O. IO00000E Ol
-0.2967060E Ol -0.1032787E-06 0.1412406E O0 0.433_212F O0
-0o2702527F Ol 0.1372276E-04 0.1732216E O0 -0.6123379f O0
-0.2617qq4F Ot 0.2208688E-04 -0._076290F-01 -O.q4237tSF O0
-0.24_346|E Ol 0.6021088E-05 -0.1633687E O0 -0.2111234F O0
-O.2268928E Ol -0.1536175F-04 -O.93441qOE-Ol 0.70_0234F O0
-0o2094395E Ol -0.18654_0E-04 0.5311170E-01 0.7781323F O0
-0.1919862E Ol -0.1954501_-05 0.1282026E O0 -0.2837560F-02
-0.17_5329E Ol 0.1487582E-04 0.583244LE-01 -0.690005_E O0
-0.1570796F Ol 0.138153qE-04 -0.6317139F-01 -0.fi613830_ O0
-O.13q626_E Ol -0.1095975E-05 -0.9845424E-01 O.161q371F O0
-0.1221730F O1 -O.IIR9993F-04 -0.2544019E-01 0.5607061E O0
-0.1047197E Ol -0.8516657E-05 O.56R4ROSE-OI 0.2778478F O0

-0.8726645E O0 0.2296305E-05 0.S915394E-O1 -0.2280920f O_
-0.6981315F O0 0.7320015E-05 0.117_383E-02 -0.3416823E O0
-0._235986_ O0 0.36_8067F-05 -0.3558206E-0! -0.4337646E-0l
-0.3490657F O0 -0.201268_-05 -O.lq21754F-01 0.1841333E O0

-0.174532RF O0 -0.25q2258F-O5 O.ROO2378E-02 0.6q21634F-01

0.1639128E-06 0.6055350F-06 -0.1910805E-07 -0.1166164E O0

JOB 5587 COMPIASSNBL TINE 0.006 HRS,, EXECUTION TINE 0.026 HI_.S.
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APPENDIX C

INPUT DATA FORMAT, PROGRAM LISTING,

AND TYPICAL OUTPUT DATA OF THE

ACOUSTIC RESPONSE COMPUTER PROGRAM



DATA INPUT FORMAT
t t

The program predicts the power spectral density of the acoustic response of a

shell structure. The input data to the program include the shell modal data in the

form of the generalized masses and the generalized forces, the acoustic input power

spectrum, and the frequencies at which the response spectral density is to be computed.

If the responses at more than one station are sought, an identical number of sets of

I 1W data = W (s) ooa nO is to be provided to the program. Responses can be sought

for different values of damping constant "GAMMA" by providing a number of input

data sets with the desired values of "GAMMA". The following is a table defining the

input data. The balance of the Appendix consists of the input format, computer

program listingl and typical output data. The detail analysis of the program fs

presented in Section IV of the subject report.

DEFINITIONS

GAMMA

L

N

NSTAT

OMNAT

B

AMAS

OMEGA

PHIP

W

Damping constant, (Non-dimensional)

Total number of stations in the frequency domain where

spectral density is computed, (/4I))

Number of natural modes. (ND)

Number of sets of deflections w, (ND)

Natural frequeuey (eps)

Generalized foroo (lb.)

Generalized mass (lb. in. sec_

Forotng frequency (cps)

I _i _'!ral density Ob21in41eps)

= w (s) cos nO



• II

r, iI

i m _ m m

i"_ _ i _EI _i

io_ _ m +_. -=. +_ i I
"- - -i- -

m+_ I " " I -I _ + I " f

I _-_ I " ' I " I - " O " I I "

m'q I " I " I - " I " " I I

rl-_ I " "t I ; - I " " I " " I I

++_+_+, .+.- : i +._.]: i : :
,B;

qr_ I . I : I I I I

'_- _ I " _ i "1 I - I 1 " I I

g __ g i Ir,, F,m " ; ,1(-.

z _ , .:Q ,,_ .- - m'_

.... _- • . . .

_=>' i 1 --'I
o; _'-- "-- _-- "+_--

o+_ ,_ " ,_ .....

( o.

-_ = O-- I

u

+a.
@

$-

@-

ol

-- _L
e_

N

-I -'1 n

.M._

._ J .J . .

C-3



.. = . . .
• _ V_ _ _ e

_m 0 % 4 o

_ _ |i "!_ o..... ""°+°'°+"."" i
I _ W W W W+'+ +_ + so_l_-||ooaol+ |+|+ =+ =--

4(_ 0001 l • _ Nl'i_illll(l('"l"l"l"li_
w_l+ +k+ • _ illO'lrB OOilliLIOlOlglg4i

.'q+|. .." ." It
N_ N _ _ N N _ N N

+C-4



UeULeVb_t_aPt_l__tA_l_tetqi_
_P

i!
,_p ,.p

_ 35

t|: - ""'"
"'i

l_(_ -------ooo"-"'"'"_oo_o_ ooooo.o.------
S 0 --_ _ 0 0 0

C-5 .



I,-I-.i,,.i,-i,-i,-t,,i-.
uiuiuilliltilsiiJllll !!!!!!oo-oo-'o,

0000_
OO0000

$ g oooooo$$LLLLLL

t I|i. ..! tt!ittil" | " "'--_ooooo t&ttll o I N..OBO0
i i t llllll I I I I I I t i i I llll

OOO000 _ _NNO OOO_
0 J_MWww i t i ..... _ w_

! = ! lii!'" = =
=I .,,,.i o i = ! "°°l,ll i_l I_l,.----- ttiit: . : _ .0oI o = ? ooooooiillllltlllt I i t i I i i

•, . ,,, ,,, .o o ,,, . ., ,+o
; o ., ,0 .o,,.,,,g,,, ,,,o- . *. o . . ,.,o,..,.,

tl il II It ti il It = ,,,,0 ,O IP N ,,dPIO ,,,,*It II II _i _t_l It ail el tl tt, _t iIi

NNN_WWNNN_ _¢_,(P NNN_OOOOOOOOOO_ memo'-* I_1N I_1 m .,_

i ooooo Ooooo ooooo oooo

i- : "N I,,. It_ I_ .,.e I, iP III O I#t O _ I_ m I_ _* IP NO II_ O
0 _moIp. o_l II_l 4 Illl lit O ,Jo gnlt,,dl ill .,.o qlll I_ 4 IR IP 141 II _* I_ N 141 N_ _,,_

=" ill''''''" "'''l/i'''"" ..O..=--------i .80:------,>ooo.oil,sil ..,.,o.........,.•,.,.., ,---- , ????= ..--°°"°l°°°°,,....,..

"'' _ " .'-Ill..,,,..,.,,.., .: ,>=o.... .i 0o0.

i ""--.+o- .t * *''''II II.,.,,I
% ,ll ii _, _ _ ,-ip- ,,,mN _ i,i II _ _ ll_ lit lit -, --, I, Ip .,i m 4, ,.m p,..-, II iI iI il _

,- ,,,. § ,t ,i ,,i. ,,, i .-. ,,,..9?97?? ,--,.- ,....'" " T3 ooooo oooo_li-.ilil _ _ iOo_olil _ Oooooo

"i j, ""''"' 'll;t= -

: ,it mIt li ,- -,Be,,-,..- * e.oo .,,, .ee,.-,..- i, o
ill 4mil 4imiN4lli4t, l,,..,cOilliilOll_ill41'llll_..,eOIlt iPON,4PI4'IbmONNO

C-6 ,



|'_'||j"_ii ""!'"'""j""i_ _'"||| |1! J|l iilliili |l!! °'"=.=....... _Z!gg

gg-?????? ? . o.oooo ??oog[ o| _MMWdM I$I$ I
I

"i i-i o.. ,-Imiil #ot

m _4 m ug*d _d 14
ill i'll ill lilt _ I00000
lllll I t I I t 4, t

"" ,l+ i , NN_
WI_ g

""_ ! 7ooo llll I .--.I I'''"oooo _ _olog
i Ill I ? t I t i I I

| l"i..<_ _t_'_'tt :.,. .....,.,,,iOOOOO OOOOiO

"i o.,>,>. ...-- .:. .o..+o

".,I lii#l t ill i"- ttltt ""'":""" --oo -----i.. ol_.o.oo?lli.o..o.oooo..,. ??_'.?Y.

, 1
i

' C-?



e_
o

_u
o
o
o
_D

d
I

0

uJ
O
O
O
IN

w.I

g

O OOOOOO

0 000000
0 000000

00000_
000_0_

d _dddgd

OOooOO

OOOOOO
OOOOOO
OOOOOO
OOOOOO

ggdd_d

0
0

uJ
0
0
0

0

d
I

OOOOOO
I ill

gggddd

I!

b-

LI.
0

Z

#

LU

0
sr

u.
c3

#

&
Og

Z

N
0
!

U,I

0

O
O
O
_D
t_d
0 _

g
I

0

Ud
O
O

O_

g

0 OOOOOO

O 0OOOOO
O OOOOOO

OOOOOO
m 0000_0

OOOOOO

e_
O

U_
O
O
O
0 _

_9

d

0

t,U
O
O
O

_D

d

O OOOOOO

O OOOOOO
O OOOOOO
O OOOOOO

_0_000

OOOOOO

N_
OO

uaua
C) O
O0
O0

0"--_

dd,
!

OO
I

U_U_
OO
OO
OO
Of_
O_0_
e_D

dg

O0 0000000

O0 0000000
O0 O000OO0
_O OOOOO_O
_O _OO_O_O

gg d_ddd;g

O0

UUU_
O0
O0
Of_

d_
I

O0
I

uaua
O0
O0
O0

,tO
NO,

dd

O0 0000000

O0 0000000
ON O00OO00
O_ OOOO_OO
_0 OoO_OO

_d ddddgd_

00_00_00 0000000

0 0_00_00 0000000
O0 OOOOO OOOOOOOO
0'0_00_0_0000000
m __m _O_O0_O0

q ee_oe_oo_ooeeeee

O0_O0_OOZO000000

NZ_ _ _ U

OOOOOO

OOOOOO
_OOOO_
OOOOOO
OOOOO_

ddddgd

OOOOOO

OOOOOO
OOOOOO
OOOOOO
OOOOOO

OOOOOO

OOOOOOO
I

OOOOOOO
OOOOOOO
OOOOOOO
OOOOOOO

dddd_dd

0000000
I

OOOOOOO
OOOOOOO
OOOOOOO
OOOOOOO

gd_d_dd

OOOOOOO
I

O00000O
0000000
OOOOOOO

_OOOOOOO

_OOOOOOO

0
0

U.J
0
0
0
0

e_

g

0
0

ua
o
o
0

_D

d

O0
I

I_uUa
O0
O0
O0
O'4"
0_
O_e_a

dd
I

O0
O0

U_Ua
0C3
O0

oeo

dd
I

tl,

_.00

tF

OOOOOO
I III

gggdgd

000000
II III

ggggdd

OOOOOOO
I ! !

ddddddd

OOOOOOO
II III

_dggddgg

_OOOOOOO
_11 IIII

•C-8



000000
I IIII

d_dgd

000000
I IIII

q
I--
V)

U.

c;
Z

U

IJJ
C_
0

¢_

#

¢;
UJ
l[
U.

ILL
0

¢3
Z

0

O0

I III

dg_dgd

000000
|1 ll|

dd_ggd

0000000
I I I

_g_dddd

0000000

,,

Z__O_
_mm_N_N_

_0000000
_li Ilii

_[ * U.l_.-'m_l',i'mlD
O0 _m4'44-_mm

II

J
_[
I-
t_

¢:

c_
Z

II

uJ

0

LL

0
Z

11

l.I.

Z

N
0

I

0

4) O
0

i.-m

O0

| _eeeeoee _II

_ooooooo _.|

000000
I III

ggdgdd

000000
II III

000000

0000000
I III

dgddgdg

0000000
II ill

:d;ggg;g
(

_0000000
_11 IIII

Z_

tllttill

_O00OO00

C-9


